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CHAPTER 1
NEW HONODINUCLEAR MACROCYCLIC COMPLEXES OF LATHANIDES 
AND A PHENOLIC SCHIFF BASE LIGAND
1 . 1 .  I n t r o d u c t i o n
L i g a n d s  wh i c h  c a n  s i m u l t a n e o u s l y  t r a p  t wo  c a t i o n s  i n  
c l o s e  p r o x i m i t y  a r e  r e f e r r e d  t o  a s  d i n u c l e a t i n g  ( o r
b i n u c l e a t i n g )  l i g a n d s  [ 1 , 2 ] .  When t h e  t wo  c a t i o n s  a r e
s i m i l a r  as  i n  [ C u 2 I ] 2+ [ 1 - 4 ]  and  [ Ag 2 1 1 ] 2  + [ 5 ] ,  t h e
c o m p l e x a t i o n  p r o d u c t s  a r e  r e f e r r e d  t o  a s  h o m o d i n u c l e a r
c o m p l e x e s .  When t h e y  a r e  d i f f e r e n t  as  i n  N i C u I I I  [ 6 ] and 






I n  t h i s  wor k  t h e  t e r m s  d i n u c l e a r  and  b i n u c l e a r  
c o m p l e x e s  w i l l  be u s e d  i n t e r c h a n g e a b l y  t o  r e f e r  t o  
c o m p l e x e s  f o r me d  by d i n u c l e a t i n g  l i g a n d s  o n l y .  The  t e r m s ,  
t h e r e f o r e ,  w i l l  e x c l u d e  d i n u c l e a r  c o m p l e x e s  s u c h  a s  V i n  
w h i c h  t h e  c a t i o n s  a r e  n o t  bound  w i t h i n  a s i n g l e  l i g a n d  
f r a m e w o r k  [ 8 ] ,
S i n c e  t h e  f i r s t  e x a m p l e s  of  d i n u c l e a r  c o m p l e x e s  we r e  
r e p o r t e d  i n  1 9 6 9 / 7 0  [ 1 , 2 , 9 - 1 2 ]  many t y p e s  o f  d i n u c l e a r
c o m p l e x e s  o f  d - b l o c k  e l e m e n t s  f e a t u r i n g  c a t i o n s  i n  a 
v a r i e t y  o f  i n t e r e s t i n g  c o o r d i n a t i o n  e n v i r o n m e n t s  h a v e  b e e n
S c h i f f  b a s e  c o m p l e x e s  d e r i v e d  f r o m c a r b o n y l s  VI -  XVI and a 
v a r i e t y  o f  p r i m a r y  a m i n e s  [ 1 3 - 1 8 ] .
B e s i d e s  S c h i f f  b a s e  l i g a n d s ,  t r a n s i t i o n  m e t a l  ( d -  
b l o c k )  c a t i o n s  h a v e  b e e n  b i n u c l e a t e d  by c r y p t a n d s  [ 1 9 - 2 1 ]  















X = H , 2 D  
X = COOH, szm




0  0  
x = s,xm
R=CH3, Z n  X= 0 ,  ZGZ(a)






T h i s  g r e a t  i n t e r e s t  i n  h e t e r o d i n u c l e a r  and 
h o m o d i n u c l e a r  c o m p l e x e s  o f  t h e  3d b l o c k  e l e m e n t s  i s  s p u r r e d  
by t h e  d e s i r e  t o  s y n t h e s i z e  c o m p l e x e s  w i t h  s u i t a b l y  c o u p l e d  
c a t i o n s  w h i c h  mi mi c  t h e  p h y s i c a l  and  c h e m i c a l  p r o p e r t i e s ,  
and  u l t i m a t e l y ,  f u n c t i o n s  o f  m e t a l  1 o p r o t e i n s  t h e  a c t i v e  




[ 1 3 , 2 4 , 2 7 ] .  A l t h o u g h  d e v e l o p m e n t  o f  s y n t h e t i c  mode l
s y s t e m s  wh i c h  mi mi c  s i g n i f i c a n t l y  t h e  r e d o x  and  c a t a l y t i c  
f u n c t i o n s  o f  t h e  n a t u r a l  b i o s i t e s  ha s  p r o v e d  t o  be a v e r y  
d i f f i c u l t  t a s k  [ 2 4 ] ,  s t r u c t u r a l ,  m a g n e t i c ,  r e d o x ,  c a t a l y t i c  
and s p e c t r o s c o p i c  s t u d i e s  d o n e  on mode l  s y s t e m s  h a v e  
i m p r o v e d  i n  a s i g n i f i c a n t  way o u r  u n d e r s t a n d i n g  o f  t h e  
b i o s i t e s  [ 2 7 ] .  The  n a t u r e  o f  l i g a t i n g  s i t e s ,  c o o r d i  n a t i o n  
g e o m e t r i e s ,  b r i d g i n g  g r o u p s  and m o l e c u l a r  t o p o l o g y  wh i c h  




R = CH2NHCH2, XX 
R= (CH2)20(CH2)20(CH2)2 , XXI 
R= (CH2)20(CH2)20(CH2)20(CH2)2,XXn
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c o u p l i n g ,  c h a r a c t e r i s t i c  c h a r g e  t r a n s f e r  b a n d s ,  e . p . r .  l i n e  
s h a p e s ,  and s e q u e n t i a l  o r  one  s t e p  m u l t i e l e c t r o n  t r a n s f e r  
i n  mode l  and n a t u r a l  b i m e t a l l i c  s i t e s  a r e  a l l  now b e t t e r  
u n d e r s t o o d  a s  a r e s u l t  o f  e x t e n s i v e  i n v e s t i g a t i o n s  o f  
d i n u c l e a r  c o m p l e x e s  o f  t h e  3d b l o c k  e l e m e n t s  [ 2 4 - 2 7 ] .  
As a r e s u l t  o f  t h i s  d e v e l o p m e n t ,  t h e  r e l e v a n c e  o f  s y n t h e t i c  
d i n u c l e a r  c o m p l e x e s  i s  b e i n g  e x t e n d e d  t o  n o n - b i o l o g i c a l  
c a t a l y s i s  i n  an a t t e m p t  t o  u n d e r s t a n d  t h e  m e c h a n i s m s  o f  
s u r f a c e  r e a c t i v i t y  i n  h e t e r o g e n e o u s  c a t a l y s i s  and 
m u l t i e l e c t r o n  t r a n s f e r  r e d o x  r e a c t i o n s  w h i c h  t a k e  a d v a n t a g e  
o f  c o o p e r a t i v e  i n t e r a c t i o n s  [ 2 8 , 2 9 ] ,
B e s i d e s  d - b l o c k  e l e m e n t s ,  d i n u c l e a r  c o m p l e x a t i o n  ha s  
b e e n  o b s e r v e d  f o r  l e a d ( I I )  f o r  w h i c h  l i g a n d  XIX was  u s e d  
[ 3 0 , 3 1 ]  and b a r i u m  f o r  w h i c h  l i g a n d s  XX - XXII  we r e  
u t i l i z e d  [ 3 2 ] .  H o w e v e r ,  t h e  s t r u c t u r e s  o f  t h e  b a r i u m  
d i n u c l e a r  c o m p l e x e s  a r e  unknown b u t  t h e  d i n u c l e a r  c h a r a c t e r  
i s  i n f e r a b l e  f r o m mas s  s p e c t r o m e t r y .  A l k a l i  m e t a l  c a t i o n s  
a r e  b i n u c l e a t e d  by c r y p t a n d s  s u c h  a s  XVII  [ 3 3 ]  and c r o wn  
e t h e r s  s u c h  as  XXI I I  [ 3 4 ] .
xxm
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Among t h e  f - b l o c k  e l e m e n t s  s u c c e s s f u l  s y n t h e s  i s  of
2 +h o m o d i n u c l e a r  c o m p l e x e s  h a s  b e e n  r e p o r t e d  f o r  t h e  UO^ 
c a t i o n  w i t h  c o m p a r t m e n t a l  l i g a n d s  H ^ I I I ,  H4 I V,  H4 XXIV,  and 
H4 XXV [ 6 , 3 5 - 3 8 ]  and o t h e r  l i g a n d s  t h a t  h a v e  s i m i l a r  
c o n f i g u r a t i o n  [ 3 7 ] ,
2 +H e t e r o d i n u c l e a r  c o m p l e x e s  o f  UO^ and 3d e l e m e n t s  h a v e  
b e e n  made r e a d i l y  w i t h  t h e  a b o v e  h o m o d i n u c l e a t i n g  l i g a n d s  
and o t h e r  s i m i l a r l y  c o n f i g u r e d  l i g a n d s  [ 3 5 - 4 1 ] ,
0
x = nh ,H4nnz 
X = S, H4XX2
o
H e t e r o d i n u c l e a r  comp 1 e x e s  o f  l a n t h a n i d e s  and 3d b l o c k  
e l e m e n t s  h a v e  b e e n  p r e p a r e d  w i t h  c o m p a r t m e n t a l  l i g a n d s  H4  
IV [ 7 ] ,  H2 XXVI and H2 XXV11 [ 4 2 - 4 5 ] ,  But  no h o m o d i n u c l e a r  
l a n t h a n i d e  c o mp l e x  o f  a ny  k i n d ,  i . e . ,  S c h i f f  b a s e ,  
c r y p t a n d ,  o r  p o l y e t h e r ,  h a s  b e e n  s y n t h e s i z e d .  I t  i s ,  
h o w e v e r ,  w i d e l y  a c k n o w l e d g e d  t h a t  s t u d i e s  o f  h o m o d i n u c l e a r  
and h e t e r o d i n u c l e a r  l a n t h a n i d e  ( Ln )  c o m p l e x e s  c o n t a i n i n g  
c o u p l e d  Ln -  Ln o r  Ln -  Ln '  p a i r s  c o u l d  p r o v i d e  i n f o r m a t i o n
o
R = (CH2)2,H 2X X H  
R = (CH2)3,H2XX2K
t h a t  i s  v i t a l  t o  o u r  s c i e n t i f i c  u n d e r s t a n d i n g  and  t e c h n o ­
l o g i c a l  a p p l i c a t i o n s  o f  t h e  r a r e  e a r t h s  [ 2 2 , 4 2 , 4 6 - 4 9 ] .  
T h e r e f o r e  t h e r e  h a s  b e e n  c o n s i d e r a b l e  i n t e r e s t  i n  t h e  
s y n t h e s i s  o f  d i n u c l e a r  c o m p l e x e s  ( e s p e c i a l l y  o f  S c h i f f  
b a s e s )  e x h i b i t i n g  c o u p l e d  Ln ^ + c a t i o n s  [ 4 6 - 5 0 ] ,  Howe ve r
t h e s e  e f f o r t s  h a v e  so f a r  y i e l d e d  o n l y  m o n o n u c l e a r
c o m p l e x e s .  I n  a d d i t i o n  t o  t h e  c o m p l e x e s  r e v i e w e d  i n  [ 5 1 ] :
I .  A.  Kahwa ,  J .  S e l b i n ,  T.  C . - Y .  H s i e h ,  R.  A.  L a i n e ,  I n o r g .
Ch i m.  A c t a  1 1 8 , 179 ( 1 9 8 6 ) ; "  S y n t h e s e s  o f  h o m o d i n u c l e a r
m a r o c y c l i c  c o m p l e x e s  o f  l a n t h a n i d e s  and p h e n o l i c  S c h i f f  
b a s e s "  ( v i d e  i n f r a )  a m o n o n u c l e a r  c o mp l e x  o f  H X X V111 has  
b e e n  r e p o r t e d  [ 4 7 ] .
A l t h o u g h  Ln ^ + - L n ^ + r e p u l s i v e  i n t e r a c t i o n s  a r e  s t r o n g ,
mo r e  s u b t l e  i n t e r a c t i o n s  i n v o l v i n g  t h e  p a r t i a l l y  f i l l e d  f -
3 + 3 +o r b i t a l s ,  wh i c h  a r e  t h e  p r i m e  t a r g e t  o f  c o u p l e d  Ln -  Ln 




s m a l l  a v e r a g e  s i z e  o f  t h e  p a r t i a l l y  f i l l e d  f - o r b i t a l s  w h i c h  
a r e  a b o u t  4 0 - 50% o f  t h e  L n ^ + i o n i c  s i z e  [ 5 2 ] .  T h a t  f -  
o r b i t a l s  a r e  w e l l  s h i e l d e d  f r o m t h e  e x t e r i o r  e n v i r o n m e n t  by 
f i l l e d  5s  and  5p o r b i t a l s  i s  i n d i c a t e d  by s h a r p  e l e c t r o n i c
3 +a b s o r p t i o n  and e m i s s i o n  p e a k s  of  Ln c a t i o n s  and t h e
Oi
g e n e r a l l y  c o n s t a n t  m a g n e t i c  mome nt s  o f  L n J i n  e l e m e n t a l ,  
i n t e r m e t a l 1 i c  and c o m p l e x a t i o n  e n v i r o n m e n t s  [ 5 3 - 5 5 ] .  I t  i s  
f r e q u e n t l y  n e c e s s a r y ,  f o r  e x a m p l e ,  t o  c o o l  s a m p l e s  t o  v e r y  
l ow t e m p e r a t u r e s  b e f o r e  c o l l e c t i v e  p r o p e r t i e s  s u c h  as  
a n t i f e r r o m a g n e t i c  c o u p l i n g  become  e v i d e n t  [ 5 2 ] .
E . p . r .  s p e c t r o s c o p y  o f  s i n g l e  c r y s t a l s  was  u s e d  t o  
d e t e c t  f - f  m a g n e t i c  i n t e r a c t i o n s  f o r  Gd^+ d o p e d  i n  Cs CdBr g  
[ 5 6 ] ,  E u C l 3 [ 5 8 ]  i n  w h i c h  t h e  Gd'* + -  Gd^+ i n t e r a c t i o n s  s p l i t  
t h e  c h a r a c t e r i s t i c  s e v e n  l i n e  p a t t e r n  o f  Gd'*+ ( g r o u n d  s t a t e  
7 / 2 ) i n t o  o v e r  70 l i n e s .  E u ^ + -  Gd'* + i n t e r a c t i o n s  we r e
s i m i l a r l y  o b s e r v e d  i n  e u r o p i u m  i r o n  g a r n e t s  d o p e d  w i t h  Gd ^ +
[ 5 9 ] .
O x  O x
Weak e l e c t r o n i c  a b s o r p t i o n s  due  t o  c o u p l e d  Ln - LnJ 
p a i r s  we r e  f i r s t  o b s e r v e d  by V a r s a n y i  and D i e k e  i n  P r C ^
[ 6 0 ] .  I n  t h i s  c o mp o u n d ,  weak a b s o r p t i o n  b a n d s  we r e  f o u n d  
i n  t h e  r e g i o n  2 2 , 2 0 0  -  2 8 , 0 0 0  cm” * i n  wh i c h  s i n g l e  P r ^  + 
c a t i o n s  a r e  n o t  e x p e c t e d  t o  a b s o r b  ( F i g .  1 ) .  E x c i t a t i o n  a t  
t h o s e  e n e r g i e s  g a v e  l u m i n e s c e n c e  f r o m t h e  ^ P Q l e v e l .
One p h o t o n ,  o f  e n e r g y  e q u i v a l e n t  t o  2 7 , 2 0 0  cm” * ,  i s
s i m u l t a n e o u s l y  a b s o r b e d  by a p a i r  o f  c o u p l e d  P r ^ + c a t i o n s  
(_a_,_b_) ( F i g .  1)  e x c i t i n g  c a t i o n  _a_ i n t o  t h e  ^ P Q l e v e l  ( 2 0 , 4 7 5  
cm” *)  and  c a t i o n  _b_ i n t o  t h e  ^F^ l e v e l  ( 6 7 0 0  c m " * ) .
O
L u m i n e s c e n c e  i s  o b s e r v e d  f r o m t h e  PQ l e v e l  a s  c a t i o n  _a_ 





































F i g u r e  1 .  E n e r g y  l e v e l s  o f  Pr  i l l u s t r a t i n g  t h e  
c o o p e r a t i v e  a b s o r p t i o n  p r o c e s s .
The  c a l c u l a t e d  t o t a l  e x c i t a t i o n  e n e r g y  i s  2 7 , 1 7 5  cm- 1  
i n  good  a g r e e m e n t  w i t h  t h e  o b s e r v e d  v a l u e  o f  2 7 , 2 0 0  cm- * 
[ 6 0 , 6 1 ] ,  T h i s  c o n c l u s i o n  i s  b a c k e d  by a t h e o r e t i c a l  
t r e a t m e n t  o f  t h e s e  o b s e r v a t i o n s  b a s e d  on r e s o n a n c e  e n e r g y  
t r a n s f e r  [ 6 2 ] .
C o u p l e d  Yb^ + -  Yb^ + e l e c t r o n i c  a b s o r p t i o n s  o f  Yb 2 0 3  
s i m i l a r  t o  P r ^  + -  P r ^ + f o u n d  i n  P r C l 3 , we r e  f o u n d  [ 6 3 ] ;
weak a b s o r p t i o n s  ( 1 0 - 3  t i m e s  t h e  i n t e n s i t y  o f  t h e  IR p e a k s )  
w e r e  f o u n d  i n  t h e  a r e a  20 , 4 9 0  - 21 , 8 5 8  cm- *,  i n  w h i c h  no 
s i n g l e  Yb 3  + c a t i o n  c a n  p o s s i b l y  a b s o r b .  The  Yb 3  + c a t i o n
O p
ha s  o n l y  t wo e n e r g y  l e v e l s ,  F 7 / 2  a nd F 5 / 2 , s e p a r a t e d  by 
a b o u t  1 0 , 0 0 0  cm- 1 ; t h e r e f o r e  i t  ha s  s i n g l e  i o n  a b s o r p t i o n s
i n  t h e  i n f r a r e d  r e g i o n  [ 5 3 , 6 4 ] ,  The  p a i r  t r a n s i t i o n s  
c o r r e s p o n d  t o  n e a r l y  t w i c e  t h e  e n e r g y  a b s o r b e d  by a s i n g l e
O »
YbJ c a t i o n  and s h o u l d  t h e r e f o r e  be t h e  e n e r g y  r e q u i r e d  t o
O j.
e x c i t e  b o t h  t h e  Yb c a t i o n s  i n  t h e  c o u p l e d  p a i r  t o  t h e
2 p 5 / 2  * e v e l .
Bo t h  t h e  Yb 2 0g and P r C l 3  e l e c t r o n i c  p a i r  a b s o r p t i o n s
a r e  good  e x a m p l e s  o f  r e s o n a n c e  e n e r g y  t r a n s f e r ,  i n  w h i c h
t h e  a v a i l a b l e  q u a n t u m of  e n e r g y  i s  e n t i r e l y  s h a r e d  by t h e  
3 +Ln J c a t i o n s  o f  t h e  c o u p l e d  p a i r .  T h e r e  i s  no n e e d  f o r
a d d i t i o n a l  e n e r g y  f r o m t h e  l a t t i c e  n o r  f o r  d i s s i p a t i n g
e x c e s s  e n e r g y  t o  i t  a s  e n e r g y  t r a n s f e r  t a k e s  p l a c e .
R e v e r s a l  o f  t h i s  p r o c e s s  i s  common,  n a m e l y ,  h i g h e r  l y i n g  
3 +s t a t e s  o f  Ln c a n  be e x c i t e d  by s u c c e s s i v e  e n e r g y
t r a n s f e r s  f r o m a l e s s  e n e r g e t i c  s e n s i t i z e r  ( e n e r g y  d o n o r )
[ 6 4 - 6 9 ] .  F o r  e x a m p l e ,  p u mp i n g  t h e  c o mp l e x  m a t e r i a l
BaY1 . 4 Yb0 . 5 9 Ho0 . 0 1 F8 [ 6  5 ] ,  w i t h  i n f r a r e d  r a d i a t i o n  e x c i t e s
t h e  2 F 5 y 2  l e v e l  i n  Yb3+ and t h e  5 I 6  l e v e l  o f  Ho3+ ( F i g .  2 ) .
T h i s  e x c i t a t i o n  i s  f o l l o w e d  by e f f i c i e n t  e n e r g y  t r a n s f e r
f r o m Yb3+ t o  Ho 3  + , wh i c h  l e a d s  t o  Yb3+ r e l a x i n g  b a c k  t o  t h e
g r o u n d  s t a t e  2 F 7 / 2  w h i l e  Ho3+ i s  e x c i t e d  t o  a h i g h e r  l e v e l
C C
s 2 and  F 4  f r o m w h i c h  l a s e r  a c t i o n  i s  o b s e r v e d
a t  X = 5515 A.
_  3 0  r
Laser action 
at 5515 A
F i g u r e  2 .  S e n s i t i z e d  l a s e r  a c t  i o n  i n  B a Y j ^ Y b g ^ g g H o Q . o i ^ S  
u s i n g  a t wo s t e p  i n f r a r e d - t o - v i s i b l e  e n e r g y  u p -  
c o n v e r s i o n  p r o c e s s .
O a
A s i m i l a r  p r o c e s s  o c c u r r i n g  b e t w e e n  NdJ c a t i o n  p a i r s  
i n  Nd^ + d o p e d  L i Y F 4  [ 6 9 ]  c o n v e r t s  v i s i b l e  l i g h t  t o  UV
l i g h t .  An i n t e r e s t i n g  c a s e  o f  P r ^ + d o p e d  i n  Ca F 2  [ 6 8 ] 
e x h i b i t s  t h e  p r e s e n c e  o f  p a i r s  and  t r i a d s  o f  c o u p l e d  P r ^ + 
c a t i o n s  i n  wh i c h  c o o p e r a t i v e  e n e r g y  t r a n s f e r  p r o c e s s e s  l e a d  
t o  u p - c o n v e r s i o n  o f  v i s i b l e  l i g h t  ( 1 6 , 8 0 7  -  1 7 , 0 9 5  cm" *)  t o
1 5
b l u e  l i g h t  ( ~ 2 0 , 6 1 9  c m" * )  and UV l i g h t  ( 2 7 , 7 7 8  -  4 1 , 6 6 7  
c m " * ) .  I n  t h i s  c a s e  e x c i t a t i o n  i s  t o  t h e  *D2  l e v e l  ( F i g .
1 ) ,  e n e r g y  t r a n s f e r  o c c u r r i n g  b e t w e e n  t h e  p a i r s  and l e a d s
t o  e x c i t a t i o n  o f  o n e  P r 3+ t o  t h e  3 PQ s t a t e  ( w h i c h  
l u m i n e s c e s  i n  t h e  v i s i b l e  b l u e  r e g i o n )  and t h e  o t h e r  t o  t h e
* 6 ^ l e v e l .  F o r  t h e  t r i a d s  t wo  o f  t h e  P r 3+ c a t i o n s  r e l a x  t o  
t h e  g r o u n d  s t a t e  s i m u l t a n e o u s l y  and t r a n s f e r  t h e i r  e n e r g y
t o  t h e  t h i r d  P r 3+ c a t i o n  w h i c h  i s  e x c i t e d  t o  i t s  * SQ l e v e l ,  
and  t h e r e a f t e r  l u m i n e s c e n s  i n  t h e  UV r e g i o n .
C o o p e r a t i v e  e l e c t r o n i c  p r o c e s s e s  a r e  so f a v o r a b l e  t h a t  
e v e n  when t h e r e  i s  p o o r  e n e r g y  l e v e l  o v e r l a p  b e t w e e n  t h e  
s e n s i t i z e r  ( e n e r g y  d o n o r )  and  t h e  a c t i v a t o r  ( e n e r g y  
r e c e i v e r ) ,  t h e r e  o c c u r s  c o m p e n s a t i o n  by a b s o r p t i o n  o f  t h e  
d e f i c i e n t  e n e r g y  f r o m t h e  l a t t i c e  o r  by d i s s i p a t i o n  o f  
e x c e s s  e n e r g y  t o  t h e  l a t t i c e ;  t h e  p r o c e s s  b e c o me s  n o n ­
r e s o n a n c e  e n e r g y  t r a n s f e r  [ 6 4 - 7 2 ] .
E n e r g y  t r a n s f e r  p r o c e s s e s  a r e  v e r y  i m p o r t a n t  t o  
p h e n o me n a  t h a t  t a k e  a d v a n t a g e  o f  l u m i n e s c e n c e ;  e x a m p l e s  a r e  
l a s e r s ,  t e l e v i s i o n  c o l o r  s c r e e n s ,  c a t h o d e  r a y  t u b e  d a t a  
d i s p l a y  u n i t s ,  and  l i g h t i n g  s y s t e m s .  E n e r g y  t r a n s f e r  
p r o c e s s e s  c o u l d  l e a d  t o  e n e r g y  u p - c o n v e r s i o n  and s e n s i t i z e d  
l u m i n e s c e n c e  a s  s hown a b o v e  o r  c o u l d  q u e n c h  l u m i n e s c e n c e  
[ 7 0 - 7 3 ] .  E x a mp l e s  o f  s e n s i t i z e d  l u m i n e s c e n c e  a r e  n u m e r o u s ,  
b u t  one  e x a m p l e  t h a t  h a s  o u t s t a n d i n g  a p p l i c a b i l i t y  i s  t h e  
o p t i c a l l y  pumped l a s e r  o f  Ho3+ s e n s i t i z e d  w i t h  Yb3 + , E r 3 + , 
and  Tm3+ [ 7 4 ] .  E n e r g y  l e v e l s  o f  t h e s e  i o n s  o v e r l a p  t o  g i v e
a q u a s i - c o n t i n u u m ,  a b s o r p t i o n  o v e r  a l a r g e  f r e q u e n c y  r a n g e  
i s  p o s s i b l e ,  and  t h e  s e n s i t i z e r  c a t i o n  t r a n s f e r  t h e i r  
e n e r g y  t o  Ho 3  + v i a  a c o m p l e x  c a s c a d e  p r o c e s s .  O t h e r  
e x a m p l e s  i n c l u d e  t h e  l a s i n g  c a t i o n  Nd3+ s e n s i t i z e d  by C e 3 + , 
T b 3+ by Gd3 + , Dy3+ by E r 3 + , Tm3+ by E r 3 + , and Yb3+ by Nd 3  +
*3 4 .
[ 7 5 ] .  In t h e  l i g h t i n g  i n d u s t r y  T b J , w h i c h  l u m i n e s c e s  i n
t h e  g r e e n  r e g i o n ,  e x h i  b i t s  e x t  r e m e l y  e f f i c i e n t  l u m i n e s c e n c e
a nd  r u g g e d n e s s  p r o p e r t i e s  e s p e c i a l l y  when s e n s i t i z e d  by
C e 3+ and  Gd3 + . Ce 3+ h a s  an a l l o w e d  4 f  -»• 5d ba nd  i n  t h e  UV
3 +r e g i o n  i n  w h i c h  i t  a b s o r b s  v e r y  s t r o n g l y ;  t h e n  Ce 
e f f i c i e n t l y  t r a n s f e r s  i t s  e n e r g y  t o  Gd3+ f r o m wh i c h  T b 3+ 
e f f i c i e n t l y  t r a p s  t h e  e x c i t a t i o n  e n e r g y  a nd  p r o d u c e s  a 
s t r o n g  l u m i n e s c e n c e  i n  t h e  g r e e n  r e g i o n  [ 7 2 , 7 6 ] .  Ho we v e r ,
O j.
t h e  Tb g r e e n  l u m i n e s c e n c e  i s  a c c o m p a n i e d  by s a t e l l i t e  
e m i s s i o n s  i n  t h e  y e l l o w  and b l u e  a r e a s  w h i c h  d e g r a d e  t h e  
c l a r i t y  and c o l o r a t i o n  o f  i l l u m i n a t e d  s c e n e s .  T h i s  p r o b l e m
O x
n e e d s  t o  be s o l v e d  b e f o r e  Tb°  c a n  c o m p e t e  f a v o r a b l y  a s  a 
g r e e n  l i g h t  s o u r c e  i n  t h e  l i g h t i n g  i n d u s t r y  [ 7 7 , 7 8 ] .
O c c u r r e n c e  o f  t h e  a b o v e  e n e r g y  t r a n s f e r  p r o c e s s e s  
r e q u i r e s  e x i s t e n c e  o f  i n t e r a c t i o n  m e c h a n i s m s  by wh i c h  t h e
Ox
e l e c t r o n i c  p r o p e r t i e s  o f  t h e  Ln c a t i o n  i n  p a i r s  o r  t r i a d s  
c a n  be c o u p l e d .  T h e s e  m e c h a n i s m s  a r e  e i t h e r  m u l t i p o l a r  
i n t e r a c t i o n s  i n  w h i c h  a c o u l o m b i c  i n t e r a c t i o n  b e t w e e n  L n 3+ 
c a t i o n s  i s  t h e  s a l i e n t  f e a t u r e  o r  e x c h a n g e  i n t e r a c t i o n s  i n  
w h i c h  e l e c t r o n i c  c l o u d s  o f  t h e  L n 3+ c a t i o n s  o v e r l a p  and 
s i g n i f i c a n t  e l e c t r o n i c  e x c h a n g e  o c c u r s  [ 7 0 - 7 3 ] .  T h e r e  i s
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a l s o  a p o s s i b i l i t y  f o r  i n t e r a c t i o n  among n e a r  n e i g h b o r  
Ln 3 + c a t i o n s  s h a r i n g  an a n i o n ,  e . g . ,  F " [ 6 9 ] ,  t o  o c c u r  by an 
e f f i c i e n t  s u p e r e x c h a n g e  m e c h a n i s m .  G e n e r a l l y ,  e x c h a n g e  
i n t e r a c t i o n s  a r e  s h o r t  r a n g e  b e c a u s e  o f  t h e  l i m i t e d  s p a t i a l  
e x t e n s i o n  o f  t h e  f - o r b i t a l s  and a r e  e f f i c i e n t  i n  t h e  3 - 4  A 
Ln3+ -  Ln 3  + s e p a r a t i o n  [ 7 0 , 7 2 ] .  H o w e v e r ,  t h e y  a r e  o n l y  
d e p e n d e n t  on w a v e f u n c t i o n  o v e r l a p  r a t h e r  t h a n  o p t i c a l  
p r o p e r t i e s  o f  t h e  c a t i o n s  i n v o l v e d  and t h e r e f o r e  e n e r g y  
t r a n s f e r  by e x c h a n g e  m e c h a n i s m s  may o c c u r  e v e n  when t h e  
o p t i c a l  t r a n s i t i o n s  i n v o l v e d  a r e  p r o h i b i t e d  by e l e c t r i c  and 
m a g n e t i c  m u l t i p o l a r  s e l e c t i o n  r u l e s  a p p l i c a b l e  t o  s i n g l e  
l_n3  + c a t i o n s  [ 7 9 ] .  On t h e  o t h e r  ha nd  m u l t i p o l a r  
i n t e r a c t i o n s  a r e  l o n g  r a n g e ,  b e i n g  e f f e c t i v e  f o r  l_n3  + - 
Ln 3  + s e p a r a t i o n s  o f  up t o  27 A and a r e  d e p e n d e n t  on t h e  
o p t i c a l  c h a r a c t e r i s t i c s  o f  t h e  i o n s  i n v o l v e d  [ 7 0 , 7 2 ] .  
M u l t i p o l a r  i n t e r a c t i o n s  a r e  t h e  mo s t  common i n  v i e w o f  t h e  
w i d e  Ln 3 + - L n 3+ s e p a r a t i o n  i n  mo s t  c o mp o u n d s  t h u s  f a r  
s t u d i e d .  H o w e v e r ,  i m p r o v e d  e x p e r i m e n t a l  t e c h n i q u e s  s u c h  a s  
e m p l o y m e n t  o f  i n t e n s e  n a r r o w  ba nd  l a s e r s  w h i c h  a l l o w  
s e l e c t i v e  e x c i t a t i o n  o f  L n 3+ i n  s p e c i f i c  c r y s t a l  s i t e s  and 
a c q u i s i t i o n  o f  t i m e  r e s o l v e d  l u m i n e s c e n c e  s p e c t r a  a r e  
i n c r e a s i n g l y  r e v e a l i n g  t h e  r o l e  o f  e x c h a n g e  i n t e r a c t i o n s  i n  
e n e r g y  t r a n s f e r  p r o c e s s e s  i n v o l v i n g  Ln3+ [ 7 2 ] ,
C l e a r l y ,  t h e r e f o r e  L n 3+ -  L n 3+ i t n e r a c t i o n s , t h o u g h  
we a k ,  h a v e  i m p o r t a n t  c o n s e q u e n c e s  f o r  t h e  a p p l i c a t i o n s  and 
s p e c t r o s c o p i c  s t u d i e s  o f  t h e  r a r e  e a r t h  c o m p o u n d s .
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B e s i d e s  t h e i r  n o v e l t y ,  d i n u c l e a r  l a n t h a n i d e  c o m p l e x e s  
f e a t u r i n g  a p a i r  o f  Ln c a t i o n s  t r a p p e d  i n  a m a c r o c y c l e  o r  
a m a c r o a c y c l e  wh i c h  a l o n g  w i t h  c o u n t e r  a n i o n s  i n s u l a t e s  t h e  
t r a p p e d  L n ^ + p a i r  f r o m o t h e r  n e i g h b o r i n g  L n ^ + , s h o u l d  
p r o v i d e  a u n i q u e  e n v i r o n m e n t  and may b r e a k  new g r o u n d  i n  
t h e  s t u d y  o f  L n ^ + -  L n ^ + i n t e r a c t i o n s .  I t  s h o u l d  be 
i n t e r e s t i n g  t o  s e e  wh a t  k i n d  o f  e f f e c t  d i f f e r e n t  l i g a t i n g  
a t o ms  ( o t h e r  t h a n  t h e  w i d e l y  s t u d i e d  h a l i d e s  and o x g e n ) ,
0 + Oi
l i g a n d  c a v i t y  s i z e  and Ln -  LnJ s e p a r a t i o n ,  h a v e  on t h e  
n a t u r e  o f  L n ^ + -  L n ^ + i n t e r a c t i o n s .
I t  i s  t h e r e f o r e  t h e  n o v e l t y  o f  h o m o d i n u c l e a r  
l a n t h a n i d e  m a c r o c y c l i c  c o m p l e x e s  and  t h e  i n t r i g u i n g  
q u e s t i o n s  r e g a r d i n g  t h e  m a g n e t i c  and  s p e c t r o s c o p i c
O *
p r o p e r t i e s  o f  t h e  t h u s  c o u p l e d  L n J c a t i o n s  wh i c h  s p u r r e d  
o u r  i n t e r e s t  i n  t h i s  a r e a .
Our  e f f o r t s  h a v e  f o c u s e d  on t h e  d e v e l o p m e n t  of  
s y n t h e t i c  r o u t e s  f o r  h o m o d i n u c l e a r  l a n t h a n i d e  m a c r o c y c l i c
O a.
c o m p l e x e s  i n  wh i c h  t h e  t wo Ln c a t i o n s  a r e  h e l d  i n  c l o s e  
p r o x i m i t y .  F o r  t h i s  p u r p o s e  we d i r e c t e d  o u r  a t t e n t i o n  t o  
m a c r o c y c l i c  S c h i f f  b a s e  l i g a n d s .  A v a r i e t y  o f  d i - p r i m a r y  
p o l y - a m i n e s  and d i c a r b o n y l s  VI ,  XI ,  X I I ,  XVI ,  and  XXIX - 
XXXI I I  we r e  u t i l i z e d  i n  an a t t e m p t  t o  s y n t h e s i z e  c o m p l e x e s  
o f  2 : 2  m a c r o c y c l i c  S c h i f f  b a s e  l i g a n d s  by t h e  t e m p l a t e  










I n  t h e  t e m p l a t e  c o n d e n s a t i o n  o f  t r i e t h l e n e t e t r a m i n e  
(TETA)  and 2 , 6 - d i f o r m y l - p - c r e s o l  ( VI )  we s u c c e s s f u l l y  
i s o l a t e d  t h e  f i r s t  e x a m p l e s  e v e r  o f  h o m o d i n u c l e a r  
l a n t h a n i d e  c o m p l e x e s ,  a s  c o mp o u n d s  o f  t h e  2 : 2  m a c r o c y c l i c  
S c h i f f  b a s e  XXXIV.
XXXIV
The  c o m p l e x e s  we r e  i s o l a t e d  i n  t wo f o r m s ,  an o f f - w h i t e  
f o r m w i t h  a g e n e r a l  s t o i c h i o m e t r y  Ln 2 XXXIV( NO3  ) 4 nH2 0
O 4.
o b t a i n e d  f r o m d i l u t e  s o l u t i o n s  o f  1 : 1 : 1 ,  Ln : VI : T E T A,  and 
an o r a n g e  f o r m o b t a i n e d  f r o m r e a c t a n t  s o l u t i o n s  wh i c h  we r e  
t h r e e  t i m e s  mor e  c o n c e n t r a t e d .  The  o r a n g e  f o r m h a s  t h e  
s ame  s t o i c h i o m e t r y  a s  t h e  o f f - w h i t e  f o r m b u t  s l i g h t  
v a r i a t i o n s  i n  t h e  p r o c e d u r e  y i e l d e d  Ln 2 XXXIV( NO3  ) 4 _ n (OH ) n n 
= 1 , 2  a s  w e l 1 .
The  s y n t h e t i c  p r o c e d u r e ,  f a s t  a t o m b o mb a r d me n t  ma s s  
s p e c t r o m e t r y  (FAB MS) ,  U V - v i s i b l e  and IR s p e c t r o s c o p y  and 
some c h e m i c a l  p r o p e r t i e s  o f  t h e s e  new c o m p l e x e s  a r e  
r e p o r t e d  i n  [ 5 1 ] :  I .  A.  Kahwa ,  J .  S e l b i n ,  T.  C . - Y .  H s i e h
R.  A.  L a i n e ,  I n o r g a n i c a  C h i m i c a  Ac t a  1 1 8 , 1 7 9 - 1 8 5  ( 1 9 8 6 )
" S y n t h e s e s  o f  H o m o d i n u c l e a r  M a c r o c y c l i c  C o m p l e x e s  of  
L a n t h a n i d e s  and P h e n o l i c  S c h i f f  B a s e s . "
The  f o r m a t i o n  o f  t h e  o f f - w h i t e  f o r m c a n  be b l o c k e d  by 
d r o p p i n g  t h e  r e a c t i o n  t e m p e r a t u r e  t o  - 1 7 ° C  and t h e  
f o r m a t i o n  o f  t h e  o r a n g e  f o r m c a n  be a r r e s t e d  by u s i n g  
e x c e s s  TETA [ 5 1 , 8 0 ] .  T h e r e f o r e  a c o m b i n a t i o n  o f  l ow 
t e m p e r a t u r e ,  e x c e s s  TETA and s l i g h t l y  a c i d  c o n d i t i o n s  g a v e  
new m o n o n u c l e a r  c o m p l e x e s  o f  t h e  a c e t a l l a t e d  l i g a n d  XXXV 
[ 8 0 ] .
The  s y n t h e t i c  p r o c e d u r e ,  c r y s t a l  and m o l e c u l a r  
s t r u c t u r e  as  w e l l  a s  a c o m p a r i s o n  o f  t h e i r  NMR, U V - v i s i b l e  
and t h e r m a l  c h a r a c t e r i s t i c s  w i t h  t h o s e  o f  t h e  h o m o d i n u c 1 e a r  
c o m p l e x e s  a r e  r e p o r t e d  i n  [ 8 0 ] :  I .  A.  Kahwa;  F.  R.
F r o n c z e k  and J .  S e l b i n ,  I n o r g a n i c a  C h i m i c a  Ac t a  ( i n  p r e s s ) .  
" S y n t h e s i s ,  C r y s t a l  a nd  M o l e c u l a r  S t r u c t u r e  o f  L i g h t  
L a n t h a n i d e  C o mp l e x e s  wri th a New 1 : 1  Open P h e n o l i c  S h c i f f  
Ba s e  A c e t a l " .
The  m a g n e t i c  s u s c e p t i b i l i t y ,  e l e c t r o n  p a r a m a g n e t i c  
r e s o n a n c e  ( e . p . r . )  and  l u m i n e s c e n c e  s t u d i e s  o f  t h e  
homod i n u c l e a r  c o m p l e x e s  a r e  i n  p r o g r e s s ,  t h e  r e s u l t s  
o b t a i n e d  so f a r  a r e  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n  ( 1 . 3 ) .
A d d i t i o n a l  IR a nd  UV v i s i b l e  s p e c t r o s c o p y  d a t a  a r e  
g i v e n  i n  A p p e n d i c e s  1 and  2 .
XXXV
D i c a r b o n y l s  XI and X I I ,  t r i k e t o n e  XXX and t e t r a k e t o n  
XVI g a v e  i n t r a c t a b l e  p r o d u c t s  w h i l e  d i k e t o p h e n o l s  XXIX,  
g a v e  l a n t h a n i d e  d i k e t o p h e n o l a t e s  [ 5 1 ]  w h i c h  c o u l d  n o t  be 
c o n d e n s e d  w i t h  d i p r i m a r y  a m i n e s  e v e n  u n d e r  a c i d i c  
c o n d i t i o n s .  H a l o g e n a t e d  d e r i v a t i v e s  o f  X X I X ( a ) ,  n a me l y  
XXXI - XXXI I I ,  w h i c h  s h o u l d  h a v e  i n c r e a s e d  n u c l e o p h i 1 i c i t y  
a t  t h e  c a r b o n y l  c a r b o n  a t o m ,  y i e l d e d  p r o d u c t s  w i t h  
h y d r o l y s e d  C -  Cl b o n d s  o f  e r r a t i c  a n a l y s e s  i n s t e a d  o f  any  
w e l l  d e f i n e d  c o n d e n s a t i o n  p r o d u c t s .
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Abstract
Successful syntheses of the first examples of 
homodinuclear macrocyclic lanthanide complexes are 
reported. The complexes were obtained as com­
pounds of the 2:2 Schiff base formed by condensing 
2,6-diformyl-p-cresol and triethylenetetramine (L 7) 
by a template procedure using lanthanide nitrates 
and perchlorates. When reactant methanolic solutions 
were concentrated the complexes were deposited 
as yellow or orange microcrystalline precipitates, 
LnjL^N O sVnH jO  or Ln jL iC N O j^ -^O H ),, x  = 
1 or 2, whereas solutions diluted three times depo­
sited complexes as flaky off-white crystalline precipi­
tates of light lanthanides. The orange Ln2L7(N0 3 )2- 
(OH)j complexes can be converted in quantitative 
yield to the off-white flaky form of L ^ L ^ N O s V  
wHjO by refluxing them in methanolic solution 
containing triethylenetetramine and a three-fold 
excess of Ln(N03)j. The complexes were charac­
terized by elemental analysis, fast atom bombard­
ment mass spectrometry, U V-Vis and infrared 
spectroscopy and thermogravimetry. Interesting and 
mostly new polyatomic oxo clusters, e.g. Ln203+, 
Ln3( V ,  Ln40 6+, Ln50 7+ were dominant in the mass 
spectra but are treated in detail elsewhere.
Introduction
Macrocyclic and macroacyclic ligands, mainly 
Schiff bases [1 -3 ], cryptands [4] and crown ethers 
[5] have played a key role in our understanding of 
the nature of metal-metal ion interactions of the 
3d-elements in systems of biological interest. While
it appears widely acknowledged that homodinuclear 
complexes of macrocyclic or macroacyclic ligands 
and lanthanide cations (Ln**) could provide informa­
tion regarding Ln^-Ln** interactions that is critical 
for our scientific understanding and technological 
applications of rare earths [4 ,5 ,7 ], no synthetic 
effort culminating in the formation of those com­
pounds has been reported. Recently [8 ,9] large 
open compartmental ligands have been used to 
trap lanthanide and 3d block cations resulting in 
heterodinuclear (3 d -4 f metal) complexes but no 
homodinuclear lanthanide compounds were ob­
tained.
Efforts to encapsulate lanthanide cations in Schiff 
base macrocycles have so far yielded mononuclear 
complexes of the 2:2 ligands, L | -L 4, derived from 
pyridine dicarbonyls and short chain primary di­
amines [10—12]. (Use of 2,5-furandialdehyde in 
place of 2,6-diacetylpyridine gave the corresponding 
2:2 Schiff base complexes [13a]).
. =  N N = <
X -x< C H j)„ '
L ,:«  = '0 ;X  = CH3 
L2: n = 2; X = CHj 
L3: n= 2 ,3 ;X =  H
•O n study leave from: Chemistry Departm ent, University 
o f  Dar es Salaam, P.O. Box 35061, Dar-es-Salaam, Tanzania. 
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However, condensation of 2,6-diacetylpyridine 
with a long chain diamine H2N -C H 2-C H 2- 0 - C H 2-  
CH2- 0 - C H 2-C H 2- 0 - C H 2-C H 2-N H 2 in the pres­
ence of early lanthanide nitrates resulted in the for­
mation of mononuclear complexes of the 1:1 ligand, 
Ls, rather than complexes of the 2:2 ligand, L# [7], 
Attempts to condense 2,6-diacetylpyridine and tetra- 
ethylenepentamine also gave the corresponding 1:1 
Schiff base complex [12a].
o  o  o .  H  =
C H , ^  ' v— f  ' ' — (  ^ — '  'C H 3
Our investigations have concentrated on deriving 
synthetic routes for the formation of homodinuclear 
macrocyclic Schiff base lanthanide complexes. In 




i, X = H
ii, X = CH3
c h 3
u i ,  X = H
iv, X = CI13
v, X = CH2CH3
C H , L i n r CH3
0  O H  0  0
VI
c h 3 £ CM3
0  0  O H  0  0
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In the template condensation of 2,6-diformyl-p- 
cresol (iii) and triethylenetetramine we have success­
fully isolated the first (to our knowledge) homodinu­
clear macrocyclic complexes which are compounds 
of the 2:2 ligand L7. The preparation and preliminary 
characterization of this new type of compounds are 
herein reported.
r̂ v/ \ /  ^  °*\
CH3 - 0 - ° -  - 0 - O - C H3
V A V W
Experimental
Lanthanide nitrates and perchlorates used were 
obtained from a careful neutralization of the corre­
sponding oxides of at least 99.9% purity and then 
used in situ. Ln(N03)3*5H20 , Ln = Ce, Gd, Yb, 
were commercial products from Aldrich Chemical Co.
Triethylenetetramine was used as supplied by 
Fisher Laboratory Chemical without further purifica­
tion.
2,6-diformyl-p-cresol (iii) was obtained from p- 
cresol by the procedure of Moore and Vigee [16], 
or by oxidation of 2,6-bis(hydroxymethyl)-/?-cresol 
with Mn02 [17]. fH NMR: 11.45 (OH) (1), 10.21 
(CHO) (2) 7.77 (A r-H ) (2) and 2.39 (CH3) (3), 
all singlets.
Preparation o f  O ff-w hite C om plexes o f  L-,
To 1 mmol of the lanthanide nitrate dissolved in 
35 ml of methanol is added 0.164 g (1 mmol) of 
solid 2,6-diformyl-p-cresol and the solution is heated 
to reflux. Then 0.151 g ( l  mmol) of 97% triethylene­
tetramine in 10 ml of methanol is added and the 
resulting orange solution is refluxed. Within 3 -5  
min a flaky off-white crystalline precipitate begins 
to form. Refluxing is continued for six h, followed 
by filtration (while hot) and washing with methanol 
and ether, followed by air drying. This procedure 
failed many times when Eu3* was employed as a 
template cation, (even when the total volume of 
methanol was increased to 75 ml or 150 ml per 
mmol) but it worked well when the higher boiling 
n-butanol (boiling point (b.p.) 117°C) was substi­
tuted for methanol. When methanol and ethanol 
were used, the exclusive product was the unhydro­
lyzed orange complex Eu2L7(N 0 3)4*2H20; when n- 
propanol was used, a mixture of the off-white com­
plexes and an unidentified yellow product were ob­
tained. A small quantity of the off-white complex: 
Gd2L7(N 0 3)4-2H20  was obtained with methanol 
as solvent once but subsequent attempts with solvents 
R -O H , (R = CH3, CH3CH2, CH3CH2CH2 and CH3- 
CH2Ch’jCH2) failed. Addition of acid or base in 
catalytic amounts did not influence the final product.
With Ce3* it was necessary to bubble nitrogen 
through the reactants to prevent the formation of 
intractable dark brown solids. Yields are shown in 
Table I. When the mole ratio of La3* to dialdehyde 
to triethylenetetramine (La3*:iii:TETA) was changed 
to 1:1:2, the yield of the off-white complex increased 
to 95%, but when increased to 1:1:10 and Pr3* 
substituted for La3* the yield decreased to 67%.
Preparation o f  Yellow/O range Com plexes o f  L-,
To 1 mmol of the lanthanide nitrate or perchlorate 
dissolved in 10 ml of methanol is added 0.164 g (1 
mmol) of solid 2,6-diformyl-p-cresol. The resulting 
orange or yellow solution is heated to reflux and then 
0.151 g (1 mmol) of triethylenetetramine in 5 ml 
of methanol is added and refluxing is continued. 
Within 3 -5  min a yellow or deep orange micro­
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TABLE I. Analytical Results for Complexes o f  L 7
Compound (formula weigth) % Yield % Observed % Calculated
C H N
< 
t C H N Ash
Off-white
L sjL t(N 0 3 ) 4 (1073) 28 33.65 3.90 15.04 29 33.6 3.9 15.7 30
Ce2 L 7 (N0 3 ) 4 (1075) 3 4 ,75a 33.97 4.12 15.06 32 33.5 3.9 15.6 32
Pr2 L 7 (N0 3 )4 - 2 HjO (1113) 89 32.40 3.95 15.05 32 32.4 4.2 15.1 32
Nd2 L7 (N 0 3 )4 - 2 H 2 0 (1119) 6 6 32.38 3.97 14.96 32 32.2 4.1 15.0 30
Sm 2 L 7 (N 0 3)4 • 2 H 2 O (1132) 60 32.25 3.89 14.85 32 31.8 4.1 14.9 31
E u,L t(N 0 3 )4 -2 H 2 0 (1135) 7 4 b 32.54 3.86 15.0 31 31.8 4.1 14.8 31
G djL 7 (N 0 3 )4 -2H 20 (1145) 4 31.88 3.80 14.88 31 31.5 4.0 14.7 32
Yellow-Orange
I-a2 !--,(N0 3 > 4 (1073) 45 33.01 4.18 14.88 32 33.6 4.0 15.7 30
U 2 L7 (N0 3 ) 2 (0 II) 2 (983) 57 37.74 4.77 14.22 36.7 4.5 14.33
Ce2 L 7 (N0 3 ) 4 (1075) 35 33.84 4.14 15.06 30 33.5 3.9 15.6 32
Pr2L7(N03)4 (1077) 82 33.58 4.05 15.14 29 33.5 3.9 15.6 32
N djL7(N 03)4 (1083) 74 33.29 4.06 14.91 28 33.3 3.9 15.5 31
Nd2 L 7 (N0 3 )2 (0 l l ) 2 (993) 85 36.87 4.46 14.37 36.3 4.4 14.1
E u ,L t(N 0 3 )4 - 2 H 2 0 (1135) 53 31.95 4.18 14.47 30 31.8 4.1 14.8 31
Eu2 L 7 (N 0 3 )3 (0H ) (1054) 48 35.06 4.27 14.5 34.2 4.1 14.6 33
G djL7{N 0 3 )3 (0H ) (1064) 46 34.63 4.46 14.98 31 33.9 4.1 14.5 34
G d 2 L7(N 0 3 )2(OM)2 (1019) 38 36.6 4.94 14.38 35.4 13.7
Tb2L7 (N 0 3 ) 3 (0H ) (1068) 13 32.95 4.24 14.56 33.8 4.1 14.4 34
0 y 2 L 7 (NO3 )3 (OH) (1075) 33 34.15 4.29 14.77 33.5 4.0 14.3 35
Mo2 L7(N 0 3 )3 (OH) (1080) 39 33.62 4.33 14.84 33.4 4.0 14.3 35
H ojL 7 (N0 3 )4 - 2 H2 0 (1160) 30.68 4.32 14.95 31.1 4.0 14.5
Er2 L 7 (N0 3 )3 (0 H) (1084) 1 2 33.71 4.45 14.08 33.2 4.0 14.2 35
T m jL 7 (N0 3 )4 - 2 H 2 0 (1169) 57 31.48 4.04 14.03 30.8 4.0 14.4
Yb2L7 (N 0 3 )4-2H 20 (1177) 2 2 29.54 4.01 14.35 32 30.6 3.9 14.3 33
LU2L7 (N 0 3)4- 2H 20 (1181) 43 31.16 4.02 14.01 30.5 3.8 14.2
Y jL 7 (N 0 3 )(OII) (928) 35 38.73 4.75 16.25 2 1 38.8 4.7 16.6 24
Nd 2L7 (CI0 4 )3 (0 H ) (1151) 63 31.85 3.94 9.80 31.3 9.7
Sm 2 L 7 (CI0 4 )3 (0 ll) (1163) 73 31.44 3.81 9.78 31.0 3.7 9.6
Gd2L7 (CI04)2(0M)2 (1094) 1 0 32.44 4.15 9.80 32.9 4.1 1 0 . 2
aFrom an ethanolic (rather than methanolic) solution. bFrom n-butanol.
crystalline precipitate begins to deposit. Refluxing is 
continued for 6 h, followed by filtration and washing 
with methanol and ether and then air drying. The 
orange complex of L7 with Sm3+ could not be made 
in this way if the counter anion is N 0 3~ as the ex- 
cluiive product was the off-white complex or a mix­
ture of the off-white complex and some unidentified 
yellow product even in experiments where the total 
volume of methanol used was reduced to 12 ml per 
mmol of the dialdehyde. But when the counter anion 
was changed to C104“ the compound Sm5L8(C104)3- 
(OH) was obtained.
When the mole ratio Ln3t:iii:TETA is 1:2:1, 
the exclusive product is Ln2L7(N 0 3)2(0H)j (Ln = 
La, Nd.Gd).
The complex of Cc3+ needed to be prepared in a 
nitrogen atmosphere; otherwise intractable dark 
brown solids were obtained.
Complexes of Tm3+, Yb3* and Lu3* prepared by 
the above procedure did not give good analyses so 
the procedure was modified to allow them to form 
at room temperature. Reactants were mixed at room 
temperature and sat for a week before filtration, 
washing and drying.
Conversion o f  the  Orange C om plexes L n 2L 1(N 0 3 ) 2' 
(O H )2 to  the O ff-w hite C om plexes L n 1L 1(N O i ) i ' 
nH 70
To 0.1 mmol of Ln2L7(N 0 3)2(0H)2 suspended 
in 6 ml of methanol is added 0.1 mmol of triethylene­
tetramine in 3 ml of methanol. Within a few min 
the orange compound dissolves entirely. Refluxing 
or allowing the mixture to sit at room temperature 
deposits the off-white complex Ln2L7(N0 3)4Vtll20 
in typical flaky form and 37% yield. Elemental 
analysis data confirms this. Anal. Found for Ln = La
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and w = 0; C, 33.34; H, 4.41; N, 15.18. Calc. C, 
33.6; H, 3.9; N, 15.7%. Found for Ln = Nd and n = 
2; C, 32.45; H, 4.37; N, 15.11. Calc. C ,32.2;H ,4.1; 
N, 15.0%. When a three-fold excess (0.3 mmol) 
of Ln(N03)3 is added prior to introducing triethyl­
enetetramine and then the mixture refluxed the 
yield is quantitative.
Elemental analyses were performed by Micanal 
of Tucson, Arizona. The equipment used for thermo­
gravimetry (TG) in air, infrared (IR ) (KBr disk) 
and electronic absorption (Nujol mull) investigations 
have been described in a previous report [18]. NMR 
spectra were recorded on a Bruker WP-200 or an 
IBM NR/100 spectrometer operating at 300 K.
Fast A to m  B om bardm ent Mass S pectrom etry
A Kratos MS80RFA double focusing mass spec­
trometer equipped with a post-acceleration detector 
was used to analyze the samples. About 100 pg  
of each of the samples were suspended in 5 pi of 
glycerol, and placed on a direct sample probe, which 
was inserted into the ionization source for analysis. 
The mass spectrometer was operated in the positive 
ion mode, with accelerating voltage at 4 kV. Fast 
xenon atoms at 8 kV were used to bombard the 
samples. A mixture of cesium iodide and glycerol 
was used as a mass calibration standard. Xenon gas 
was supplied by Liquid Carbonic Corporation and 
had a quoted purity of 99.995%. For each sample 
studied at least 30 scans were accumulated. Data 
related to the ligand L7 or species containing it were 
extracted from an average of the first 13 scans and 
only peaks appearing at least 5 times with a minimum 
intensity of 1% were included in the average spec­
trum. Peaks originating from the ligand or fragments 
containing it were dominant in the presence of glyc­
erol, but as glycerol dried out less ligand informa­
tion was available. Peaks of oxo species dominated 
spectra of drier samples.
Results and Discussion
Analytical data for the off-white and orange com­
pounds are given in Table I. The off-white com­
pounds obtained from dilute solutions are formulated 
as Ln2L7(N0 3 )4 ,MH2 0 ; n = 0, for Ln = La, Ce and 
2 for Ln = Pr-Gd. The orange compounds fall into 
two major categories: (i) those which are not hydro­
lyzed, e.g., LnJL7(N 03)4,rtHj0; n = 0 for Ln = La- 
Nd and n = 2 for Ln heavier than neodymium; and
(ii) those which are hydrolyzed, e.g., LnjL7(N 0 3)x- 
(OH)„_x ; x  = 3 for complexes of cations heavier 
than Nd3* and obtained from refluxing solutions 
containing reactants in the mole ratio Ln .iii:TETA 
= 1:1:1; and x  = 2 for complexes obtained from re­
fluxing solutions in which reactants are in the mole 
ratio Ln3*:iii:TETA = 1:2:1. Orange complexes with
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the counter anion CIO4-  were all hydrolyzed re­
sulting in L n jL ^C K ^ ^O H ) for Ln = Nd, Sm and 
GdaL7(ClG'4)j(O H )j. The extent o f hydrolysis is 
determined by the preparation procedure employed.
To find out whether or not the off-white and 
orange complexes were in fact compounds of the 
same Schiff base and if this Schiff base is a 1:1 or 
2:2 condensation product of 2 ,6 -diformyl-p-cresol 
and triethylenetetramine, the fast atom bombard­
ment (FAB) mass spectra of lanthanum, cerium, 
neodymium, samarium, europium, gadolinium, dys­
prosium, ytterbium and yttrium samples were ob­
tained. Samples run in the negative ion mode did not 
give stable spectra but the samples run in the positive 
ion mode gave interesting results. To a large extent, 
the complexes decomposed and the pseudomolec- 
ular ions were not observed. In samples of neo­
dymium, europium, gadolinium, erbium and ytter­
bium complexes definite fragments of the original 
complexes and/or the protonated ligands (Figs. 1 
and 2) were observed. In the spectra of the off- 
white sample Eu2L7(N 0 3V 2 H 20  (natural isotopes: 
,s,Eu =47.82%, 153Eu = 52.18%) a doublet was 
found at m /z  760, and 762, the expected positions 
for [EuL7N O j+ H ]*  (calc, m/z = 760 and 762). 
In the spectra of the off-white sample Gd2L7(N0 3)4* 
2H20  peak clusters with appropriate isotopic abun­
dances for [GdL7(N 03) + H]* and GdL7* were found 
as expected at m/z 763-769 and 700-706, respec­
tively. The orange Nd2L7(N0 3)4 sample gave a 
pattern due to (NdL7(N 0 3) + H ]* at m/z = 751- 
759. In the spectra of the orange Yb2L7(N 0 3V  
2H20  and Er2L7(N 0 3)30H  sample, the peak at 
m/z = 549 makes a conspicuous showing and is attrib­
uted to the protonated ligand H3L7* (calculated 
m/z = 549). Two of the protons are phenolic and the 
third, unlocalized, provides the positive charge. The 











Fig. 1. Fast atom bombardment mass spectrum o f the off- 
white G d 2 L 7 (N0 3 )4 - 2 H2 0  sample.
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Tig. 2. Fast atom bombardment mass spectrum o f the orange 
Yb2 L 7 (N 0 3 )4 -2H 20  sample.
at m/z = 760, 762 but like the off-white Eu2L 7- 
(N 0 3)4-2H j0  it gave a cluster of peaks at m/z = 
545, 547 and 549 which did not match isotopic 
abundance patterns of Eu2 clusters but can be attrib­
uted to the protonated ligand: H3L7+, m/z = 549, 
and some species containing one europium cation.
A prominent feature of the spectra obtained in 
the latter scans (glycerol evaporates thereby concen­
trating the sample in the matrix) is the occurrence 
of oxo clusters such as LnO+, Ln20 2+, Ln20 3+, 
Ln30 4+, Ln40 6+ and Ln50 7+. In the cases of Ln = 
La, Y, which are monoisotopic, higher oxocluster 
peak intensities were found at m/z corresponding 
to Ln6Og+, Ln7O|0+, and Ln90 )3+. In those cases 
where the lanthanide cations are polyisotopic the 
calculated and observed isotopic patterns were iden­
tical and this subject is treated in detail in a separate 
communication [19].
The foregoing FAB mass spectroscopic evi­
dence and the fact that the orange complexes 
Ln2L7(N 03)2(0H )2 can be converted in quantitative 
yield to their off-white form by merely making their 
suspensions basic, lead us to the conclusion that 
the off-white and orange compounds are homodi- 
nuclear complexes of the same 2:2 Schiff base L7. 
Differences in the colour shade are probably asso­
ciated with differences in the detailed coordination 
mode of the lanthanide cations to the Schiff base 
macrocycle. We have not yet succeeded in growing 
crystals suitable for X-ray diffraction in order to 
establish conclusively the relative positions of the 
lanthanide cations and whether one or both cations 
are in or out of the macrocycle. Answers to these 
questions are important to Ln3*-L n 3+ interactions 
and our crystal growing efforts are continuing.
Reactants in a mole ratio Ln3+:iii:TETA = 1:2:1 
failed to produce complexes of the open ligand LB; 
and reactants in the mole ratios Ln3*:iii:TETA = 
1:1:2 and 1:1:10 failed to give complexes of the
CH3 - @- 0 -  -O-tph-CHj
La
\=o 0 = /
N̂H2
Nw Nw Nw NH2
open ligand L , while in all three cases complexes 
of the completely cyclized ligand L7 were obtained.
Complete cyclization Is further elucidated by the 
presence of a very strong absorption peak at 1630- 
1640 cm-1, typical of the ^ C = N — stretching mode 
[3, 7, 8, 20 -22] in related compounds, in the in­
frared spectra of both the off-white and orange com­
plexes. No peaks attributable to unreacted ^ C =0  
and —NH2 were found in the infrared spectra of 
either the off-white or orange complexes. A strong 
peak found at 1545-1550 cm-1 is characteristic of 
the phenolic ^ C -0  acquiring partial double bond 
character through conjugation with the imine system 
in chelate rings [20]. The nitrato anion bands were 
found in the region 1200-1500 cm-1 in both off- 
white and orange complexes. The perchlorate com­
pounds Ln2L7(C I04),(0 H )4_ jr exhibit IR absorption 
features attributed to the ligand L7 in the nitrate 
complexes. The bands at —1100 and 630 cm-1, 
due to C104~, are split suggesting the presence of 
coordinated C104“ anions [7, 8,10].
Electronic absorption data are dominated -by 2 
peaks: peak 1 occurs at ~23 000 cm-1 in the off- 
white complexes and at ~ 2 2 —23000 cm-1 for the 
yellow-orange complexes, and peak 2 occurs at 
~27000 cm-1 in all complexes. The weak lanthanide 
cation electronic absorptions are obscured by these 
intense and broad bands originating from the ligand. 
The latter also appear in the spectra of the closed 
shell lanthanum, lutetium and yttrium samples. 
Peak 1 is a shoulder in the spectra of all solid off- 
white complexes and whereas it is a shoulder at 
~22900 cm-1 in the solid yellow La2L7(N 0 3)4 
complex, it increases in intensity in the corresponding 
cerium and praseodymium samples to become the 
prominent peak at lower energy (21-22000  cm-1) 
in the orange complexes of neodymium through 
lutetium and yttrium. The deep-orange compound 
La2L7(N 0 3)2(0 H )2 has the dominant peak 1 at 
21888 cm-1 compared to shoulders in this region 
in the off-white and yellow La2L7(N 0 3)4 com­
pounds. When the complex Nd2L7(N 0 3)4 was re­
duced with NaBH4, one peak was found at ~  27 000 
cm-1 in the U V-Vis spectrum of the solid sample 
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Fig. 3. Variations in the intensity ratio A  J A j  (A = absor­
bance at (imax) o f peaks 1 and 2 m onitored at 24096  and 
26667  cm-1 , respectively, for the Sm 2 L 7 (N0 3 )4 *2 H 2 0  





Fig. 4. Variations in the intensity ratio A 1I A 2  (A = absor­
bance at vmax) o f peaks 1 and 2 m onitored at 24 390 and 
27 027 cm-1 , respectively, with time for the La2 L 7 (N0 3 ) 4  
sample in DMSO (60.8 pm ol/l) at about 24 °C.
and therefore it must be associated with the presence 
of the ^ C = N - chromophore, the tailing of which 
into the visible region gives rise to the orange colour.
The complexes are appreciably soluble in DMSO 
but only very dilute solutions were obtained with 
some complexes in DMF and methanol. In solution 
both the off-white and orange complexes Ln5L7- 
(NOsV mHjO, Ln=La-P r, run immediately give 
electronic spectra similar to those of the solid samples 
run in Nujol mull. But the spectra of orange com­
plexes of Ln = N d-Lu, Y are radically different 
from the spectra of the corresponding solid samples, 
with the prominent peak in this case being centered 
at about 24 390-25000 cm-1, or 2650 cm-1 higher 
in energy from the solid state band found at ~21 740 
cm-1. In water all samples exhibit one prominent 
peak at about 24390-25000 cm-1. Thus the com­
pounds are transformed in solution to species not yet 
identified. In fact time-lapse traces of the solution
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spectra (DMSO) reveals intensity growth in peak 1 
and decay in peak 2. Variations in the intensity ratio 
A i l  A  2 (A 1 = absorbance of peak 1 and A  2 = absor­
bance of peak 2 with A  being absorbance at ?mi0[) 
with time are shown for off-white Sm3L7(N0 3 ),r 
2HjO in Fig. 3 and for yellow LajL^NOs^ in 
Fig. 4. Comparison of Figs. 3 and 4 leads to the 
conclusion that the off-white form of the homodi- 
nuclear complexes we have reported is more stable 
in solution than the yellow-orange form. These 
results are in good agreement with the observation 
that the orange complexes Ln2L7(N 03)2(0 H )2 
dissolved in methanol containing a little triethylene­
tetramine rapidly convert to the off-white Ln2L7- 
(N 0 3V w H 20  form in quantitative yield.
Because of the solution instability of the com­
plexes reliable NMR spectra of solution samples could 
not be obtained. Similar NMR spectra complexity 
has been reported in some mononuclear lanthanide 
[13] and Ba [23] Schiff base complexes.
One role of the lanthanide metal ion may thus 
be seen to serve to organize reactants towards an 
exclusive formation of the completely cyclized 
ligand and to stabilize the Schiff base once it is 
formed. This position is supported by our observa­
tion that condensation of 2,6-diformyl-p-cresol 
and triethylenetetramine in the presence of divalent 
cations Ca5*, Sr5*, Ba3* and Pb5* leads to intractable 
solids. Direct condensation in the absence of Ln3* 
cations leads to intractable oils, although direct 
condensation of 2,6-diformyl-p-chlorophenol and 
short chain primary amines gives a variety of stable 
Schiff base ligands in good yields [22]. It seems 
therefore, at least in our hands that the lanthanide 
cations have the size and charge that are just right 
for the formation and stabilization of the Schiff 
base macrocycle L7. It is also interesting to note 
that despite the extensive success in condensing
2,6-diacetyl-pyridine with diprimary amines to give 
2:2 macrocyclic ligands, its condensation with 
triethylenetetramine in presence of Sr3* or Ba5* 
gave exclusively Schiff base ligands of the type LB 
which resisted cyclization [24]. Whereas open ligands 
of the type Lg and L9 are encountered frequently 
in condensations of dicarbonyls and diprimary 
amines [1 ,10 ,22 ,24 ], in our experiments even 
under a two-fold excess of dialdehyde or ten-fold 
excess of triethylenetetramine the exclusive products 
are complexes of the completely cyclized ligand L7.
The hydrated complexes have been found to lose 
water beginning at about 40 °C and all complexes 
start decomposing at about 250 °C in air. Water 
therefore appears to be loosely held in these lattices 
and is thus unlikely to be bound in the lanthanide 
coordination sphere [18]. The coordination scheme 
in which one Ln3* bonds to one phenolic oxygen 
and nitrogen sites 1,2,7,8, while the other Ln3* 
links to the second phenolic oxygen and nitrogen
32
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TABLE II. Complexes o f 2,6-dipropyl-p-cresol (Lio) and some Lanthanide Cations
Compound % Observed % Calculated
C H N C H N
La,(L ,oX N 0 3 ) 3  (1121.562) 40.92 4.28 3.78 41.8 4.0 3.7
G dLio(OH),“ (510.527) 38.01 3.99 1.36 38.0 4.2 0
L u ,(L |o ) 3 (N0 3 )(O H ),b (1103.69) 
Y 2 (L ,o)3 <N0 3 )(OH ) , 6  (931.56)
41.22 4.28 1.27 42.4 4.3 1.3
49.96 4.88 1.52 50.3 5.0 1.5
•The material is probably more complex than form ulated since repeated recrystallizations did not remove nitrogen entirely. The 
crystalline material was triclinic with the following crystal data: a = 18.59(4), b  = 21.49(2), c = 23.15(3) A; o  = 89.0(9), 0 = 
82.86(14), 7  = 87.66(13)°. bThe NMR spectrum o f  each o f  these com pounds (in CDCI3 ) exhibited three sets o f  triplets 
for the m ethyl groups on the alkyl side chains and three singlets for the  aromatic protons, supporting these form ulations for the 
listed compounds.
sites 3,4,5,6 of ligand L7 is envisaged in the off- 
white complexes. This coordinating scheme requires 
that the Ln3* cation be large enough to coordinate 
to the three adjacent N -O —N ligating sites. This is 
consistent with the observation that the off-white 
compounds become increasingly difficult to prepare 
as the radius of Ln3* decreases. The coordination 
scheme in which one Ln3* bonds to both phenolic 
oxygen sites and nitrogen sites 1,2,3,4, whereas 
the other Ln3* is linked to both phenolic sites and 
nitrogen sites 5,6,7,8 in ligand L7 is envisaged for 
the orange compounds and is expected to be favored 
by the small Ln3* too. These differences in coordina­
tion may be responsible for the differences in the 
colors of the complexes. But detailed and firm 
structural conclusions cannot be made without X-ray 
structural information, so we cannot prove our 
postulated structures at this time.
Attempts to condense diketone (V ) and dipropyl- 
enetriamine, triethylenetetramine or tetraethylene- 
pentamine always resulted in the formation of 
ketophenolate complexes without condensation 
(Table II). Efforts to condense the other carbonyls 
listed earlier have not yet given us clearly defined 
products.
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SYNTHESIS, CRYSTAL AND MOLECULAR 
STRUCTURE OF LIGHT LANTHANIDE 
COMPLEXES WITH A NEW 1:1 OPEN 
PHENOLIC SCHIFF BASE ACETAL
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A b s t ra c t
The compounds L n L ^ O g ^ X ,  Ln=Pr, L=phenolic S c h i f f  base a c e t a l ,
X=CHgOH and Ln=La, Nd, X^gO have been p re p a red ,  but Ln h e av ie r  than Nd
f a i l e d  to  give s i m i l a r  compounds. PrL^Og^CHgOH) c r y s t a l s  are  
monoclin ic  with space group Z=4 and d e ca co o rd in a te  P r3+. The Pr-
O(phenola te )  d i s t a n c e  of 2.263A i s  th e  s h o r t e s t  c o n tac t  Pr3+ makes 
i n d i c a t i n g  a s t ro n g  Pr3+- p h e n o la t e  i n t e r a c t i o n .  The ang le  subtended by
Oj.
t h e  te rm ina l  amino n i t r o g e n  and phenol a t e  oxygen a t  Pr i s  much l a r g e r  
than the  o th e r s  subtended by o th e r  members of th e  e q u a t o r i a l  n e a r ­
pentagon de f ined  by the  l i g a t i n g  atoms of L, i n d i c a t i n g  t h a t  the  14-
O *
membered c a v i t y  de f ined  by t h e  pentagon i s  small f o r  Pr . The NMR, TG,
and UV-vis ib le  s p e c t r a l  f e a t u r e s  of complexes of  L and th o se  of the
+0n s tudy leave  from t h e  Chemistry d ep a r tm en t ,  U n iv e r s i ty  of Dar es Salaam,
*P.O. Box 35061, Dar es Salaam, TANZANIA 
Author to  whom correspondence  should  be a d d re s sed .
homodinuclear  complexes of the  2 :2  l ig an d  (L“ ) formed by 
c re so l  and t r i e t h y l e n e t e t r a m i n e  d i f f e r  s u b s t a n t i a l l y .
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2 , 6 - d i f o r m y l - p -
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In t r o d u c t i o n
A v a r i e t y  of S c h i f f  base complexes with t r i v a l e n t  l a n th a n id e s  have 
been re p o r te d  over the  l a s t  few y e a r s  [ 1 , 2 ] .  While t h e r e  i s  some 
in fo rm at ion  about t r i v a l e n t  l a n th a n id e  complexes with n eu t ra l  l ig an d s  
d e r ived  from 2 , 6 -d i c a r b o n y l p y r i d i n e s  in c lu d in g  fou r  c r y s t a l  s t r u c t u r e s  
[ 2 - 5 ] ,  l i t t l e  i s  known about complexes of n e g a t i v e ly  charged l ig an d s  
such as those  de r ived  from 2 , 6 -d ic a rb o n y lp h e n o l s  [ 1 ] ,  o r  2 -  
carbonylphenols  [ 6 ] .  Our su ccess fu l  syn theses  of homodinuclear 
l a n th a n id e  complexes of a 2:2 pheno la te  S c h i f f  base de r ived  from 2 ,6 -  
d i fo r m y l - p - c r e s o l  and t r i e t h y l e n e t e t r a m i n e  [ 1 ] ,  has demonst ra ted th e  
v e r s a t i l i t y  of an io n ic  l ig a n d s  f o r  th e  p r e p a r a t io n  of l a n th a n id e
O .
complexes in which t r a p p in g  of LnJ c a t i o n s  in c lo se  proximity  is  
d e s i r e d .  Our f a i l u r e  t o  o b ta in  s i m i l a r  complexes from 
d ic a r b o n y lp y r id in e  p re c u r so r s  sugges ts  t h a t  i t  i s  a s t ro n g  i n t e r a c t i o n
O x
between the  pheno la te  anion with the  Ln c a t i o n s  which may serve  to  
o f f s e t  Ln^+-Ln^+ r e p u l s i v e  i n t e r a c t i o n s ,  th e reby  enab l ing  Ln^+ c a t io n s  
to  be t rapped  in c lo se  p rox im ity  by pheno la te  S c h i f f  b a se s .  I f  t h i s  i s  
t r u e  then  the  pheno la te  moiety may have the  p o t e n t i a l  t o  impact 
l a n th a n id e  complexat ion chemis t ry  as im p o r tan t ly  as the  p y r id in e  moiety 
has dominated the  complexation chemis t ry  of th e  d -b lock  elements  [ 7 , 8 ] .
In o rde r  to  e v a lu a te  t h i s  h y p o th e s i s ,  s t r u c t u r a l  da ta  of 
l a n th a n id e - p h e n o la t e  systems a re  e s s e n t i a l .  However, c r y s t a l  s t r u c t u r e s  
of the  homodinuclear complexes or any o th e r  c l o s e l y  r e l a t e d  l a n th a n id e  
pheno la te  S c h i f f  base complex have not been de te rm ined .  The c l o s e s t  
s t r u c t u r e s  a v a i l a b l e  a re  th o se  of t r i n u c l e a r  Cu-Ln-Cu complexes,  Ln=Ce 
[9]  and Gd [ 1 0 ,1 1 ] ,  where th e  n e u t ra l  copper pheno la te  S c h i f f  base 
complexes p a r t i c i p a t e  in t h e  c o o r d in a t io n  spheres  of Ln^+ through the
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pheno la te  oxygens.  The only c r y s t a l  s t r u c t u r e  of a l a n th a n id e  S c h i f f  
base complex showing th e  pheno la te  l igand  c oo rd ina ted  e x c lu s iv e ly  to  th e  
l a n th a n id e  c a t io n  (Ce^+ ) i s  t h a t  of CeX2 » where th e  doubly charged open 
compartmental  l igand  X^" i s  de r ived  from 2  molecules  of 2 -formylphenol  
and one of 1 , 2  diami nobenzene [ 1 2 ] ,
To gain i n s i g h t  i n to  th e  n a tu re  of t h e  l a n th a n id e  c a t i o n - p h e n o l a t e  
S c h i f f  base i n t e r a c t i o n ,  we have undertaken s y n t h e t i c  and s t r u c t u r a l  
s t u d i e s  of th o se  sys tem s .  We have now i s o l a t e d  X-ray d i f f r a c t i o n  
q u a l i t y  c r y s t a l s  of complexes of an open 1:1 l i g a n d ,  L, with t r i v a l e n t  
l i g h t  l a n t h a n i d e s .
\/
□
We re p o r t  here  the  c r y s t a l  and molecular  s t r u c t u r e s  of Prl^NOg^CCHgOH) 
and a comparison of i t s  NMR, e l e c t r o n i c  a b s o r p t io n ,  and 
th e rm ograv im e tr ic  da ta  with th o se  of the  homodinuclear complexes 
r e p o r te d  e a r l i e r  [ 1 ] .
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Experimental
The compounds 2 ,6 - d i f o r m y l - p - c r e s o l  (DFPC), t r i e t h y l e n e t e t r a m i n e  
(TETA), and Ln(N03 ) 3 nH20 were th e  same as th o se  used p re v io u s ly  [ 1 ] .
N i t r i c  ac id  was reagen t  grade supp l ied  by Baker Chemical Co.
Syntheses  of LnL(N03 ) 2X
To one nmol of Ln(N03 ) 3 , was added 10 ml of methanol fo llowed by 
t h r e e  drops of c o n ce n t ra t e d  n i t r i c  a c i d .  S o l id  2 ,6 - d i f o r m y l - p - c r e s o l  (1
mmol) was then added and t h e  r e s u l t i n g  s o l u t i o n  was cooled in an i c e
b a th .  A f te r  10-15 minutes  a p re -coo led  s o l u t i o n  o f  t r i e t h y l e n e t e t r a m i n e  
(2 mmol) in 5 ml of methanol was added.  I f  a p r e c i p i t a t e  forms then a 
l i t t l e  t r i e t h y l e n e t e t r a m i n e  i s  added u n t i l  i t  j u s t  d i s s o l v e s .  The 
mix ture  was t r a n s f e r e d  to  a f r e e z e r  o p e r a t in g  a t  -17°C and c r y s t a l s  were 
d e p o s i t ed  in two days .  A f te r  fou r  days ,  th e  mix ture  was f i l t e r e d ,  
washed with methanol and e t h e r ,  and a i r  d r i e d .  The compound i s o l a t e d  i s  
PrL(N03 ) 2 (CH3 0H). Yield 53%. Found: C=33.71%, H=5.30%, N=13.51%, ash 
( ProOii)=26%; Calc .  3 4 .4 ,  5 .2 0 ,  13.2 and 27% r e s p e c t i v e l y .  I f  t h e  mole
O j.
r a t i o  of r e a c t a n t s  Pr : DFPC:TETA i s  1 :1 :1  and th e  t em pera tu re  i s  about 
0°C the  y i e l d  i s  29%.
I f  seven drops of c o n ce n t r a t e d  n i t r i c  ac id  a re  u sed ,  th e  complexes 
ob ta ined  are  small q u a n t i t i e s  of LnL(N03 ) 3 »H2 0: f o r  example,  f o r  Ln=Nd, 
Found: C=32.97%, H=5.20% N=13.54%; Ca lc .  3 2 .7 ,  5.01 and 13.5%, 
r e s p e c t i v e l y .
The in s t ru m en ts  used to  ob ta in  t h e r m o g r a v im e t r i c , e l e c t r o n i c  
a b s o r p t i o n ,  NMR and IR da ta  were d e sc r ib e d  p re v io u s ly  [ 1 ] .
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X-Ray S t r u c t u r e  Determinat ion
I n t e n s i t y  d a ta  were ob ta ined  from a ye l low  c r y s t a l  of dimensions  
0.12 x 0.24 x 0.38 mm ( s e a l e d  in a t h i n - w a l l e d  g la s s  c a p i l l a r y ,  s in c e  
c r y s t a l  damage on prolonged exposure  t o  th e  atmosphere was observed) on 
an Enraf-Nonius  CAD4 d i f f r a c t o m e t e r  equipped with MoKa r a d i a t i o n  
(X=0.71073A) and a g r a p h i t e  monochromator. Cell  dimensions  and c r y s t a l  
o r i e n t a t i o n  were ob ta ined  from th e  s e t t i n g  ang les  of 25 r e f l e c t i o n s  
having 18°<2e<22°. C rys ta l  da ta  a r e :  PrC^gH^NgO^Q, FW=634.4, 
monoclin ic  space group P 2 j / c ,  a=10 .5475(12),  b=32 .121(4) ,  c= 7 .8432(14)
A, 3=97 .871(13)° ,  V=2632.2(12) A3 , Z=4, dc=1.601 g cm"3 , u(MoKa)=19.0 
cm"1 , T=21°C. Data were c o l l e c t e d  by w-2e scans  of v a r i a b l e  speed 1 .8 -  
4 .0  deg. min" 1  in order  to  measure a l l  s i g n i f i c a n t  da ta  with 
approximate ly  equal r e l a t i v e  p r e c i s i o n .  All da ta  in one quadran t  having 
1°<0<25° were measured in t h i s  f a s h i o n .  Data red u c t io n  inc luded 
c o r r e c t i o n s  f o r  background, Loren tz ,  p o l a r i z a t i o n ,  and a b s o r p t i o n .  The 
a b so rp t io n  c o r r e c t i o n s  were based on \p scans  of r e f l e c t i o n s  near x=90° ,  
and th e  minimum r e l a t i v e  t r a n s m is s io n  c o e f f i c i e n t  was 84.26%. Of 4629 
unique d a t a ,  3026 had I > 3 o ( I ) ,  and were used in th e  r e f in e m e n t .
The s t r u c t u r e  was so lved  by heavy atom methods and r e f in e d  by f u l l
p
m atr ix  l e a s t  squares  based on F with weights  w=a (Fo) ,  us ing th e  Enra f -  
Nonius SDP programs [ 1 3 ] .  Non-hydrogen atoms were r e f in e d  
a n i s o t r o p i c a l l y , whi le  hydrogen atoms were lo c a ted  in d i f f e r e n c e  maps
p
and inc luded  as f ix ed  c o n t r i b u t i o n s  with i s o t r o p i c  B=5.0A . The H atoms 
of th e  co o rd in a ted  methanol molecule were not l o c a t e d .  Convergence was 
achieved with R=0.035, Rw=0.037, G0F=1.448 f o r  316 v a r i a b l e s ,  and th e
O
maximum re s id u a l  d e n s i ty  was 0.67 eA" ,  near  th e  metal p o s i t i o n .
39
Results and Discussion
The S t r u c t u r e  of PrLtNOg^CH^OH)
The compound i s o l a t e d  from a low tem pe ra tu re  ac id  c a t a ly z e d  
condensa t ion  of DFPC (1 mole) and TETA (ca .  2 moles) with Pr^+ (1 mole) 
as the  tem p la te  c a t i o n  was determined from elementa l  a n a l y s i s  and s i n g l e  
c r y s t a l  x- ray  c r y s t a l l o g r a p h y  to  be PrL(N0 3 ) 2 (CHg0 H), where L i s  a 1:1 
open condensa t ion  product with th e  non-condensed carbonyl having been 
a c e t a l a t e d  under t h e  mild ac id  c o n d i t i o n s [ 1 4 ] .  Compounds of La and Nd 
i s o l a t e d  from more a c i d i c  s o l u t i o n s  have a water molecule s u b s t i t u t i n g  
f o r  a methanol molecule t o  g ive :  L n L ^ O g ^ ^ O .  The atomic c o o rd in a te s  
of non-hydrogen atoms a re  given in Table 1 while a s e l e c t i o n  of bond
le n g th s  and angles  i s  given in Table 2.
Ox
The d e ca c o o rd in a t io n  scheme around Pr i s  c o n s t i t u t e d  by one 
pheno la te  oxygen, an imine n i t r o g en  and t h r e e  amino n i t r o g en  atoms from 
L, two b i d e n t a t e  n i t r a t e  anions  and a molecule  of methanol as shown in 
F ig .  1, which a l s o  shows th e  numbering scheme. This d e ca c o o rd in a t io n  
geometry i s  of approximate C2  symmetry with the  loca l  twofold  ax is  
b i s e c t i n g  angle  N2-Pr-N3. This geometry maybe viewed as a d i s t o r t e d  
bicapped square  a n t ip r i s m  with th e  pseudo f o u r f o ld  ax is  ly in g  along the  
Nl-Pr-N4 a x i s .  The pseudo square  f aces  a re  01,01A,N2,05A with capping 
by N1 and 01M,04A,N3,02A with capping by N^. The geometry a l s o  may be
viewed as a d i s t o r t e d  bicapped dodecahedron of D2  symmetry with one
pseudo- twofold  axis  b i s e c t i n g  the  angle  N2-Pr-N3, th e  second ly in g  along 
th e  Nl-Pr-N4 ax is  and the  t h i r d  ly ing  along the  c e n t r a l  l i n e  j o i n i n g  th e  
n i t r a t e  a n io n s .
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A bicapped dodecahedral  geometry was ass igned  to  s i m i l a r
arrangements  in the  complexes Nd(E05)(N03 )g where E05 i s
t e t r a e t h y l e n e g l y c o l  [ 1 5 ] ,  Nd(E0 6 )(N0 3 )g where E06 i s  p en tae th y le n e g ly co l
[16] and La(bpy) 2 (N03 )g where bpy=b ipyr id ine  [ 1 7 ] .  In the  case  of th e
g l y c o l s ,  E05 and E06 form a pentagon and hexagon r e s p e c t i v e l y  around 
3+Nd in the  e q u a t o r i a l  p lane  as does L, which forms a d i s t o r t e d  pentagon 
with  d e v i a t i o n s  from p l a n a r i t y  (01 ,Nl,N2,N3,N4,Pr) being w i th in  0.5A.
The angle  01-Pr-N4 i s  l a r g e ,  ( 9 7 . 7 7 ( 1 3 ) ° ) ,  compared t o  01-Pr-Nl 
( 6 9 .8 9 ( 1 3 ) ° ,  and Nl-Pr-N2, N2-Pr-N3, and N3-Pr-N4 ( 6 4 - 6 5 ° ) ,  which 
su g g es t s  t h a t  t h e  open 14-membered c a v i t y  de f ined  by th e  l igand  L i s
Oi
small f o r  Pr and th us  th e  angle  01-Pr-N4 opens up to  provide  more 
room. Since the  ( c lo sed )  c a v i t y  d e f ined  by a comple te ly  c y c l i z e d  1:1 
l ig an d  L ' :
i s  about the  same s i z e ,  c a v i t y  s i z e  could p a r t l y  ex p la in  why complexes 
of L' a re  not ob ta ined  in f a v o r  of e i t h e r  t h e  homodinuclear complexes
S c h i f f  base L" [1 ]  or mononuclear complexes of L, where th e  uncondensed 
carbonyl  i s  a c e t a l a t e d .
3+where two Ln may occupy a d ja c e n t  18-membered compartments of a 2:2
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/==N N N N==\
CH3 - O ^ 0 e  O0- - ^ ^ “ CH3 L"
\ = n v k  n ,n = = /W W W
The Pr-01 bond leng th  of 2 .2 6 3 ( 3 ) A i s  t h e  s h o r t e s t  c o n ta c t  Pr3+ 
makes with th e  t e n  l i g a t i n g  atoms. The d i s t a n c e  i s  a l s o  s h o r t e r  than  
Ln-0 (p h e n o la te )  bonds in t r i n u c l e a r  complexes of Cu-Ln-Cu, Ln=Ce (2 .45 
A, d e ca -c o o rd in a te d  Ce^+ [ 9 ] ;  Ln=Gd, 2.37A h e p ta - c o o r d in a te d  Gd3+ 
[1 0 ,1 1 ] ;  and 2.43 A f o r  nona -coord ina ted  Gd3+ [ 1 1 ] ) .  This Pr-01 bond 
leng th  i s  c l o s e r  to  th e  Ce-0 (p h en o la te )  d i s t a n c e  (2.214A) in a Ce^+ 
pheno la te  S c h i f f  base complex [1 2 ] ,  Other Ln-0 (pheno la te )  d i s t a n c e s  
inc lude  those  of Ln=Ce(IV) (2.36A) in dodecahedral  c o o rd in a t io n  in 
Na4 [ C e ( c a t e c h o l a t e ) 4 ]»H20 [18] and Ln=Sc (1.869A) in t r i s ( 2 , 6 - d i -  
t e r tb u ty l - 4 -m e th y l -p h e n o x y )  scand ium (I I I )  [19] where t r i c o o r d i n a t i o n
O j .  O i
around Sc p rec ludes  comparison with decacoord ina ted  Pr . C le a r ly  
t h e r e f o r e  Pr bonds s t ro n g ly  t o  the  pheno la te  c e n t e r  and t h i s  p rov ides  
a b a s i s  f o r  concluding t h a t  l igands  based on a pheno la te  moiety may be 
very usefu l  f o r  s tudy ing  th e  behavior  of r a r e  e a r th  e lements  in new 
complexation  env ironm ents .
The Pr-N d i s t a n c e s  a re  normal and th e  Pr-N (imine) bond, 2 . 6 4 7 ( 4 ) A, 
i s  s l i g h t l y  s h o r t e r  than th e  Pr-N (amine) bonds 2 .6 6 1 ( 4 ) - 2 . 7 2 2 (4 )A.
One of the  n i t r a t e s  (N2A) bonds much more symmetr ica l ly  t o  Pr3+ 
than th e  o th e r  (Table 2 ) ,  and in both cases  t h e  uncoord ina ted  oxygen 
shows th e  s h o r t e s t  N-0 d i s t a n c e .
The Cl-01 d i s t a n c e  of 1.302(6)A i s  s h o r t e r  than found in non -S ch i f f  
base p h e n o la t e s ,  e . g .  1.35A in [ C e ^ a t e c h o l a t e ) ^ ] ^ - [ 1 8 ] ,  1 . 3 4 - 1 . 3 7 A in 
S m ( s a l i c y l a t e ) ^  [20]  where l e s s  double bond c h a r a c t e r  i s  expected
[ 2 1 ,2 2 ] ,  In th e  CeXg pheno l ic  S c h i f f  base complex [ 1 2 ] ,  the  average  
value  of 1.32A i s  c l o s e r  to  t h a t  found in t h i s  s tu d y .  This demonst ra tes  
th e  incremental  in f lu e n c e  of the  C=N bond a d jac e n t  t o  th e  pheno la te  
c e n t e r  on the  C-0 (p h en o la te )  double bond c h a r a c t e r  and s u p p o r t s  
conc lus ions  reached on the  b a s i s  of IR s p ec t ro sc o p y ,  where t h e  peak in 
t h e  1550 cm”* a rea  in pheno la te  S c h i f f  base complexes was a t t r i b u t e d  to  
C-0 (pheno la te )  with double bond c h a r a c t e r  [ 1 ] ,
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Comparison of UV-Visible ,  NMR and TG da ta  
of Complexes of L and L"
Although th e  c o lo r s  of the  complex PrL(N03 ) 2 (CH3 0H) and the  
homodinuclear o f f - w h i t e  form of Pr 2 L " ( N C ^ ^ H ^  [1]  a re  nea r ly  t h e  same, 
t h e i r  e l e c t r o n i c  a b so r p t io n  s p e c t r a  have s i g n i f i c a n t  d i f f e r e n c e s  (F ig .  
2 ) .  While the  complex of L in Nujol mull has a major peak a t  4200A and 
none a t  3700A, t h a t  of L" has a shou lder  a t  ~ 4300A and a major peak a t  
~ 3700A. In DMSO the  complex of L has a shou lder  a t  ~ 4100A (peak 1) 
and a major peak a t  ~ 3700A (Peak 2) as do complexes of L". However, 
t h e  i n t e n s i t y  of peak 1 r e l a t i v e  to  peak 2 (A1/A2) grows slowly from
0.05 t o  0 .3  in about 100 hours f o r  th e  L complex (F ig .  3) compared t o  an 
in c r e a s e  from 0.01 to  0 .5  in  10 hours f o r  complexes of L" (F ig .  3 r e f .
1 ) .  T h e re fo re  the  complex of L i s  remarkably s t a b l e  in DMSO and we 
a cc o rd in g ly  were ab le  to  ob ta in  a good NMR spectrum of PrL(N03 ) 2 (CH3 0H) 
where the  l a rg e  chemical s h i f t s  a re  a f i rm  i n d i c a t i o n  of the  i n t e g r i t y  
of the  complex [2 0 ] .  On th e  ba s i s  of i n t e n s i t y  and l i n e  width we ass ign
b ro a d e s t  s i n g l e t  a t  -17ppm to  methanolic  0-H which i s  expected to  be a 
t r i p l e t .  The peaks a t  10 and 8  ppm have t r i p l e  i n t e n s i t y  and a re  
probably  due to ~ 0 -M < ?  methyl p r o to n s .  The double i n t e n s i t y  broad peak 
a t  9 ppm i s  probably  due to  aromat ic  p ro tons  which should have given a 
d o u b l e t .  The f e a t u r e s  in the  reg ion  2-6 ppm a re  probably  due to  -CH2- 
and -CH3  p r o to n s .  NMR s p e c t r a  of complexes of L" were i n t r a c t a b l e .
F i n a l l y  the  TG curves  of complexes of L and L" a re  s u b s t a n t i a l l y  
d i f f e r e n t ,  showing a s tepw ise  decompostion of PrL(N03 ) 2 (CH3 0H) and a 
r ap id  s i n g l e  s tage  decompostion fo r  th e  anhydrous o f f - w h i t e  P r ^ ' N O ^
p ro to n s ,  and th e
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complex (F ig .  4 ) .  The proposed decomposit ion  s tag e s  f o r  PrL(N03 )(CH3 0H) 
in  a i r  with weight l o s se s  in  pa ren th ese s  a re :
PrL(N03 ) 2 (CH3 0H)
-CH-OCH,. (Obs 7%, Calc 7%)
-> PrL*(N03 ) 2 (CH3 0H)
-CHoOH (Obs 6 %, Calc 5%)
a t  160-200°C
Pr(N03 )(L**) < PrL (N03 ) 2
a t  200-350°C 
(Obs 26%, Calc 27%)
-N02 ,
no 2 - c h 2 ch 2 nhch 2 ch 2 nhch 2 ch 2 nh 2
SU a t  370°C, (Obs 35%, Calc 35%) 
F  Pr 6 ° l l
Where L i s  L with  an aldehyde in s te a d  of  an a c e t a l ,  A i s  an a z ido -  
aldehyde phenol presumed to  form when th e  s i n g l e  C-N(imine) bond 
r u p tu r e s  l ead ing  to  lo s s  of hydrogen atom and c o n s t i t u t i o n  of a C=N 
t r i p l e  bond. L i s  probably  a n io n ic :  "0 3 NCH2 CH2 NHCH2 CH2 NHCH2 CH2 NH2 ,
s in ce  a n e u t ra l  f ragm ent ,  CH3 CH2 NHCH2 CH2 NHCH2 CH2 NH2 , produced when the  
a z ido -a ldehyde  group A i s  l o s t  a t  200-350°C, i s  not expected to  
c o o r d in a te  to  Pr^+ t h a t  s t r o n g ly  (dec .  370°C).
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Table 1  : Coordinates f o r  Pr Complex Pr (Cl? H29 N4 03) (N03J2 CH30H
Atom X y z fttom X 4 z• • —— — -
Pr 0.03497(3) 0.11893(1) 0.30923(4) C2 0.4046(5) 0.1560(2) 8.0898(8)
01 0.2105(4) 0.1375(1) 0.1906(5) C3 0.5056(6) 8.1835(2) 8.0927(8)
02 0.4159(4) 0.0827(1) 0.0839(6) C4 0.5163(6) 8.2190(2) 0.1923(7)
03 0.4810(4) 0.1172(2) -0 .1407(6) C5 0.6256(6) 0.2493(2) 0.1873(9)
01ft -0 .0788(5) 0.1822(2) 0.1604(6) C6 0.4226(6) 0.2266(2) 0.2938(8)
02ft -0 .0529(5) 0.1350(1) -0 .0239(6) C7 0.3185(5) 0.1992(2) 3.2991(7)
03ft -0 .1687(7) 0.1877(2) -8 .1000(7) C8 0.2321(6) 0.2889(2) 0.4251(8)
04ft -0 .0224(4) 0.0583(2) 0.5071(6) C9 0.0717(6) 0.2027(2) 0.6020(8)
05ft 0.1210(4) 0.0991(2) 8.6352(6) C10 -8.0697(6) 0.2007(2) 8.5471(9)
06ft 0.0693(5) 0.0433(2) 0.7642(6) CU -0.2474(6) 0.1532(2) 0.4646(8)
01M 0.2272(4) 0.0623(2) 0.3251(6) C12 -0.2830(6) 0.1102(2) 0.4023(9)
N1 0.1406(5) 0.1862(2) 0.4639(6) C13 -0.2434(6) 0.0573(2) 0.1868(9)*
N2 -0 .1080(5) 0.1568(2) 0.5193(6) C14 -0.1621(7) 0.0479(2) 8.0494(9)
N3 -0 .2188(5) 0.1801(2) 0.2499(6) CIS 0.3919(5) 0.1180(2) -0.0223(8)
N4 -0 .0263(5) 0.0513(2) 0.1194(6) C16 0.3890(8) 0.0452(2) -0.0099(12)













Table 2: S e le c ted  bond d i s t a n c e s and angl e s .
d i s t a n c e s an gles (e s d = 0 . 1 )
Pr-01 2 .263(3) 0 1 Pr N1 69.9
Pr-Nl 2.647(4) 0 1 Pr N2 134.1
Pr-N2 2.673(4) 0 1 Pr N3 146.0
Pr-N3 2.722(4) 0 1 Pr N4 97.8
Pr-N4 2.661(4) 0 1 Pr 01A 87.8
Pr-OIA 2.558(4) 0 1 Pr 02A 75.1
Pr-02A 2.700(4) 0 1 Pr 04A 135.3
Pr-04A 2.612(4) 0 1 Pr 05A 105.5
Pr-05A 2.671(4) 0 1 Pr 0 1 M 63.1
Pr-OIM 2.714(4) N1 Pr N2 65.4
Ol-Cl 1.302(6) N1 Pr N3 127.0
02-C15 1.410(7) N1 Pr N4 167.6
02-C16 1.419(7) N1 Pr 01A 72.7
03-C15 1.409(6) N1 Pr 02A 1 1 0 . 8
03-C17 1.402(9) N1 Pr 04A 116.9
N1-C8 1.279(6) N1 Pr 05A 71.9
N1-C9 1.483(6) N1 Pr 01M 105.1
N2-C10 1.474(7) N2 Pr N3 65.3
N2-C11 1.479(7) N2 Pr N4 127.0
N3-C12 1.488(7) N2 Pr 01A 69.6
N3-C13 1.471(7) N2 Pr 02A 1 1 1 . 2
N4-C14 1.466(7) N2 Pr 04A 77.1
C1-C2 1.433(7) N2 Pr 05A 70.4
C1-C7 1.407(7)
C2-C3 1.382(7)
C2-C15 1.498(7) N2 Pr 0 1 M 139.2
C3-C4 1.379(7) N3 Pr N4 64.2
C4-C5 1.512(7) N3 Pr 01A 73.1
C4-C6 1.373(7) N3 Pr 02A 71.2
C6-C7 1.412(7) N3 Pr 04A 68.5
C7-C8 1.465(7)
C9-C10 1.496(8) N3 Pr 05A 107.9
C11-C12 1.496(8) N3 Pr 0 1 M 124.7
C13-C14 1.497(8) N4 Pr 01A 109.3
N1A-01A 1.262(6) N4 Pr 02A 65.8
N1A-02A 1.234(6) N4 Pr 04A 70.5
N1A-03A 1.199(6) N4 Pr 05A 111.4
N2A-04A 1.256(6) N4 Pr 01M 66.5
N2A-05A 1.259(6) 01A Pr 02A 47.9
N2A-06A 1.224(6) 01A Pr 04A 136.9
01M-C1M 1.423(8) 01A Pr 05A 134.7
01A Pr 01M 148.6
02A Pr 04A 129.8
02A Pr 05 A 177.2
02A Pr 0 1 M 109.1
04A Pr 05A 47.9
04A Pr 0 1 M 72.9






























Fig. 2 The UV-V1s1ble spec tra  of off-white PrgffNO^ZHgO (so lid  l in e )  and
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Fig. 3 Variations In the In tens i ty  ra t io  of Peak 1 (4200-4300A) (Aj) and
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Fig. 4 The thermogrametrlc curves of off-white (so lid  l ine)
and PrLlNU-jJgtCHjOH) (dotted l ine) run In dynamic a i r  atmosphere 
(7.2L/hour) and heating ra te  20°C/m1nute.
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1 . 3 .  Luminescence and Magnet ic  P r o p e r t i e s  of  
Homodinuclear  Macr ocy c l i c  Complexes of Lanthanides  
and the  Phenol ic  S c h i f f  Base Ligand (HgXXXIV) .
1 . 3 . 1 .  I n t r o d u c t i o n
The  u l t i m a t e  i n t e r e s t  i n  homodi  n u c l e a r  l a n t h a n i d e  
c o m p l e x e s  o f  m a c r o c y c l e s  s u c h  a s  XXXIV i s  t o  c r e a t e  and
O i  O x
o b s e r v e  Ln -  Ln e l e c t r o n i c  c o u p l i n g ,  t h e  i m p o r t a n c e  o f  
w h i c h  was  d e t a i l e d  i n  S e c t i o n  1 . 1 .  B e s i d e s  EPR,  e n e r g y  u p -  
c o n v e r s i o n ,  c o o p e r a t i v e  e l e c t r o n i c  a b s o r p t i o n ,  and 
s e n s i t i z e d  l u m i n e s c e n c e ,  i n f o r m a t i o n  a b o u t  L n ^ + -  L n ^ + 
i n t e r a c t i o n s  may be o b t a i n e d  t h r o u g h  s t u d i e s  o f
l u m i n e s c e n c e  l i f e  t i m e s ,  c o n c e n t r a t i o n  q u e n c h i n g ,  q u a n t u m 
e f f i c i e n c y  and  l i n e  n a r r o w i n g  a s  w e l l  a s  t i m e - r e s o l v e d  
l u m i n e s c e n c e  s p e c t r a  and t h e i r  t e m p e r a t u r e  d e p e n d e n c y
[ 6 8 , 6 9 , 7 2 , 8 1 ] .
F o r  an i s o l a t e d  l u m i n e s c i n g  c a t i o n  w i t h  n e g l i g i b l e
n o n - r a d i a t i v e  p r o c e s s e s ,  t h e  l u m i n e s c e n c e  d e c a y  k i n e t i c s  
a r e  d e s c r i b e d  by a s i m p l e  e x p o n e n t i a l  ( Eq .  1)  [ 7 2 ] .
I = I Q . e x p ( - t / t ) ( 1 )
w h e r e ,  I = l u m i n e s c e n c e  i n t e n s i t y  a t  t i m e  t
I 0  = l u m i n e s c e n c e  i n t e n s i t y  a t  t i m e  0
t  = e x c i t e d  s t a t e  l i f e t i m e  o f  t h e  f r e e  c a t i o n .
The  r a t i o  — g i v e s  t h e  r a d i a t i v e  t r a n s i t i o n  p r o b a b i l i t y .
O x  O x
When Ln -  Ln i n t e r a c t i o n s  ( m u l t i p o l a r ,  e x c h a n g e  o r
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s u p e r e x c h a n g e )  a r e  i n v o l v e d ,  t h e  l u m i n e s c e n c e  d e c a y  
k i n e t i c s  a r e  no l o n g e r  e x p o n e n t i a l .  I n s t e a d  t h e  t i m e  
d e p e n d e n c e  o f  l u m i n e s c e n c e  i n t e n s i t y  i s  d e s c r i b e d  by t h e  
I n o k u t i  and H i r a y a m a  r e l a t i o n  ( 2 )  [ 8 2 ] :
I = 1 0  • e x p ( - t / - r  -  c t 3 / "  ) ( 2 )
i n  w h i c h  c i s  a c o n s t a n t  c o n t a i n i n g  t h e  c o n c e n t r a t i o n  o f  
t h e  l u m i n e s c i n g  c a t i o n  ( a c t i v a t o r )  and  t h e  s e n s i t i z e r -  
a c t i v a t o r  i n t e r a c t i o n  s t r e n g t h .
O .
The  p r o b a b i l i t y  o f  e n e r g y  t r a n s f e r  as  a r e s u l t  o f  Ln 
-  L n J e l e c t r o n i c  i n t e r a c t i o n s  d e p e n d s  on t h e  i n t e r n u c l e a r  
d i s t a n c e  R,  o f  t h e  i n t e r a c t i n g  Ln c a t i o n s ;  i . e .  t h e  
e n e r g y  t r a n s f e r  p r o b a b i l i t y  v a r i e s  w i t h  t h e  t e r m :  c o n s t a n t  
e x p  ( 2 R / L ) ,  i n  wh i c h  L i s  an e f f e c t i v e  a v e r a g e  Bohr  r a d i u s  
f o r  t h e  e x c i t e d  and u n e x c i t e d  s t a t e s  i f  t h e  i n t e r a c t i o n s  
a r e  p r e d o m i n a n t l y  e x c h a n g e  [ 8 2 ] ;  and i t  v a r i e s  w i t h  t h e  
t e r m  1 / R n , i n  wh i c h  n = 6 , 8 , 10 d e p e n d i n g  on w h e t h e r  t h e  
i n t e r a c t i o n s  a r e  d i p o l a r ,  d i p o l e - q u a d r u p o l e  o r  q u a d r u p o l a r  
r e s p e c t i v e l y  [ 8 3 ] .
I f  t h e  e x c i t a t i o n  e n e r g y  r e a c h e s  t h e  a c t i v a t o r  a f t e r  
m i g r a t i n g  o v e r  s e v e r a l  s e n s i t i z e r  c e n t e r s ,  t h e  l u m i n e s c e n c e  
d e c a y  k i n e t i c s  become f u r t h e r  c o m p l i c a t e d .  H o w e v e r ,  t wo 
l i m i t i n g  c a s e s  may be c o n s i d e r e d ,  n a me l y  f a s t  e x c i t a t i o n  
e n e r g y  d i f f u s i o n  and i t s  d i f f u s i o n  l i m i t e d  m i g r a t i o n .  In
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f a s t  d i f f u s i o n  e n e r g y  m i g r a t i o n  t h e  p r o b a b i l i t y  o f  e n e r g y  
t r a n s f e r  among s e n s i t i z e r  c e n t e r s ,  p $ S »  i s  g r e a t e r  t h a n  
t h a t  o f  s e n s i t z e r - a c t i v a t o r ,  P$A. The l u m i n e s c e n c e  d e c a y  
k i n e t i c s  a r e  t h e r e f o r e  d e t e r m i n e d  by t h e  c o n c e n t r a t i o n  o f  
t h e  a c t i v a t o r  CA , and t h e  s e n s i t i z e r - a c t i v a t o r  i n t e r a c t i o n  
s t r e n g t h  a c c o r d i n g  t o  e q u a t i o n  3 [ 7 2 ] :
I = I 0  e x p  ( - t / x )  e xp  ( - C A P$A t )  ( 3 )
F o r  d i f f u s i o n  l i m i t e d  e n e r g y  m i g r a t i o n  P$s << PSA, so t h a t  
e n e r g y  m i g r a t i o n  among s e n s i t i z e r  c e n t e r s  i s  s l o w e r .  The  
l u m i n e s c e n c e  d e c a y  k i n e t i c s  a r e  now d e s c r i b e d  by e q u a t i o n s  
4 f o r  o n e - d i m e n s i o n a l  d i f f u s i o n ,  5 f o r  t w o - d i m e n s i o n a l  
d i f f u s i o n ,  and 6  f o r  t h r e e - d i m e n s i o n a l  d i f f u s i o n  [ 7 2 , 8 4 ] :
I = I 0  e xp  ( - t / x )  e x p  [ - 3 ( i t 2  CA Ps s  t / 4 ) 1 / 3 ] ( 4 )
I = 10  e xp  ( - t / x )  ( 4 it CA a " 1  D t ) “ 1  ( 5 )
I = I 0  e x p  ( - t / x )  e xp  ( - 1 1 . 4 0 4  CA C 1 / 4  D3 / 4  t )  ( 6 )
i n  w h i c h  C d e s c r i b e s  t h e  s e n s i t i z e r - a c t i v a t o r  i n t e r a c t i o n
s t r e n g t h ,  D t h e  d i f f u s i o n  c o n s t a n t  o f  t h e  m i g r a t i n g  
e x c i t a t i o n  e n e r g y ,  and  a i n  e q u a t i o n  5 i s  t h e  t r a p p i n g  
r a d i u s  o f  t h e  a c t i v a t o r  c a t i o n .
C l e a r l y  t h e r e f o r e  s t u d i e s  o f  t h e  l u m i n e s c e n c e  k i n e t i c s  
p r o v i d e  h e l p f u l  i n f o r m a t i o n  r e g a r d i n g  t h e  m e c h a n i s m  o f  t h e  
e n e r g y  t r a n s f e r  p r o c e s s .
I t h e r e f o r e  b e g a n  s t u d y i n g  t h e  l u m i n e s c e n c e  
c h a r a c t e r i s t i c s  o f  t h e  c o n c e n t r a t e d  e u r o p i u m  and 
p r a s e o d y m i u m  c o mp o u n d s  w h i l e  s t u d i e s  o f  c o n c e n t r a t e d
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t e r b i u m  and  e r b i u m  c o m p l e x e s  a s  w e l l  a s  d i l u t e  
p r a s e o d y m i u m ,  e u r o p i u m ,  t e r b i u m  a nd  e r b i u m  h o m o d i n u c l e a r  
c o m p l e x e s  o f  l i g a n d  XXXIV a r e  p l a n n e d .  P r e l i m i n a r y  r e s u l t s  
a r e  p r e s e n t e d  b e l o w a l o n g  w i t h  r e s u l t s  o f  m a g n e t i c  
s u s c e p t i b i l i t y  and  EPR s t u d i e s .
1 . 3 . 2 .  Exper imenta l
A V a r i a n  E - l i n e  C e n t u r y  s e r i e s  s p e c t r o m e t e r  was  u s e d
t o  do t h e  x - b a n d  EPR s t u d i e s .  The  d i l u t e  s o l i d  s a m p l e s
3 +w e r e  p r e p a r e d  by i n t r o d u c i n g  1 - 2  r a r e  e a r t h  a t o m % Gd i n  
t h e  r e a c t i o n  m i x t u r e  l e a d i n g  t o  t h e  t e m p l a t e  f o r m a t i o n  o f  
t h e  c o m p l e x e s  o f  l i g a n d  XXXIV [ 5 1 ] .
The  s p e c t r o m e t e r  i s  e q u i p p e d  w i t h  a c c e s s o r i e s  f o r  
m e a s u r e m e n t s  o f  p r o p e r t i e s  o f  s y t e m s  a t  v a r i a b l e  
t e m p e r a t u r e .  L i q u i d  n i t r o g e n  and h e l i u m  we r e  u s e d  t o  
o b t a i n  t h e  l ow t e m p e r a t u r e s .
The  l u m i n e s c e n c e  s p e c t r a  o f  t h e  s o l i d  s a m p l e s  we r e  
r e c o r d e d  a t  t h e  C h e m i s t r y  D e p a r t m e n t  o f  T u l a n e  U n i v e r s i t y  
by A n g i e  L a v e r t ,  w o r k i n g  f o r  Dr .  Ga r y  M c P h e r s o n .
The  l u m i n e s c e n c e  d e c a y  c u r v e  we r e  r e c o r d e d  f o l l o w i n g  
e x c i t a t i o n  a t  337 nm w i t h  a n i t r o g e n  l a s e r ;  t h e  i n t e n s i t y  
o f  t h e  e m i s s i o n  a t  620  and 690 nm we r e  m o n i t o r e d .  The  
e m i s s i o n  o f  a l l  f o u r  e u r o p i u m  s a m p l e s  a t  690  nm was  
m o n i t o r e d  i n  o r d e r  o b t a i n  e x c i t a t i o n  s p e c t r a .
A S . H . E .  C o r p o r a t i o n  S u p e r c o n d u c t i n g  Qua n t um 
I n t e r f e r e n c e  D e v i c e  ( SQUI D)  s u s c e p t o m e t e r  was  u s e d  by D r s .
C.  J .  O ' C o n n o r  and J .  W. F o i s e  a t  t h e  C h e m i s t r y  D e p a r t m e n t ,  
U n i v e r s i t y  o f  New O r l e a n s  t o  o b t a i n  m a g n e t i c  
s u s c e p t i b i l i t i e s  o v e r  a 6 - 3 0 0  K.
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1 . 3 . 3 .  Resu l ts  and Discuss ion
The  l u m i n e s c e n c e  s p e c t r a  o f  s o l i d  h o m o d i n u c l e a r
c o m p l e x e s  o f  e u r o p i u m  a t  77 K we r e  r e c o r d e d ;  e x c i t a t i o n  
*
i n t o  t h e  n l e v e l  o f  t h e  C = N n - s y s t e m  [ 5 1 ]  a t  425  nm was
u s e d ,  and t h e  s p e c t r a  a r e  s hown i n  F i g s .  3 - 6 .  T h e s e  r a t h e r
s i m i l a r  l u m i n e s c e n c e  s p e c t r a  a r e  t y p i c a l  o f  an E u 3+ i o n
w h i c h  i s  n o t  o c c u p y i n g  a c e n t e r  o f  s y mme t r y  and a r e  due  t o
t r a n s i t i o n s  o r i g i n a t i n g  f r o m t h e  5 DQ l e v e l  t o  t h e  7 Fj
m a n i f o l d  ( F i g .  7)  [ 7 2 , 8 5 - 9 0 ] .
The  e x c i t a t i o n  s p e c t r a  r e c o r d e d  by m o n i t o r i n g
l u m i n e s c e n c e  a t  690 nm ( F i g s .  8 - 1 0 )  a r e  d o m i n a t e d  by l i g a n d
a b s o r p t i o n s  a s s o c  i a t  ed w i t h  t h e  C = N bond [ 5 1 ]  ( F i g .
11)  Ti - s y s t e m i n d i c a t i n g  t h a t  t h e  E u 3+ l u m i n e s c e n c e
★







500 590 680 770
WAVELENGTH (nm)
Figure 3. The Luminescence spectrum of off-white 
Eu2 XXXIV(N03 )4 .2H20 at 77K, following 












The Luminescence spectrum of orange 
Eu2 XXXIV(N03 )4 «2H20 at 77K, following 
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Figure 5. The Luminescence spectrum of orange
Eu2 ^XXIV(N0^)3 (OH) at 77K, following
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Figure 6 . The Luminescence spectrum of orange 
Eu2 XXXIV(N03 )2 (OH) 2 at 77K, following 
excitation at 425 nm.
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Figure 7 Partial energy diagram of Eu^+ showing 
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Figure 8. The excitation spectrum of off-white
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Figure 9. The excitation spectrum of orange 
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Figure 10. The excitation spectrum of orange 













—  Off-white Eu2XXXIV (N03)4«2H20  
  Orange Eu2XXXIV(N03)4*2H20
—  Orange Eu2XXXIV(N03)3(0H) 
  Orange Eu2XXXIV(N03)2(0H)2
3 0 0 0 4 0 0 0 5 0 0 0 6 0 0 0 7 0 0 0
WAVELENGTH(A)
Fi gur e  11.  The e l e c t r o n i c  a bs or p t i on  s pec t r a  in Nujol  mul l  showing 
t he  C = N a bs o r p t i ons  a t  4500 A [ 51] .
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E l e c t r i c  d i p o l e  t r a n s i t i o n s  ( s e l e c t i o n  r u l e s  aJ = 2 ,  
4 ,  6 ) ^DQ -*• 7 F 2  and  ^DQ + 7 F 4  a r e  mor e  i n t e n s e  t h a n  t h e  
m a g n e t i c  d i p o l e  t r a n s i t i o n  ( s e l e c t i o n  r u l e s  AJ = 0 , +1 ;
e x c e p t  when = J 2  = 0)  5 DQ -> 7 F 1  ( F i g s .  3 - 6 ) .  The
t r a n s i t i o n s  5 DQ -»■ 7 F j  and  ^DQ + 7 Fg w h i c h  a r e  f o r b i d d e n  as  
e i t h e r  m a g n e t i c  o r  e l e c t r i c  d i p o l e  t r a n s i t i o n s  a r e  e i t h e r  
v e r y  weak o r  n o t  o b s e r v e d .  The  t r a n s i t i o n  5 DQ > 7 F Q wh i c h  
i s  f o r b i d d e n  a s  a m a g n e t i c  d i p o l e  b u t  a c t i v a t e d  a s  an 
e l e c t r i c  d i p o l e  t r a n s i t i o n  when t h e  E u ^ + c a t i o n  i s  i n  a 
Cn , Cs , o r  Cn i y s i t e  (n = 2 , 3 , 4 , 6  and n '  = 1 , 2 , 3 , 4 , 6 ) 
[ 7 2 , 8 5 - 9 6 ]  h a s  s u b s t a n t i a l  i n t e n s i t y  i n  t h e  s p e c t r a  o f  a l l  
f o u r  h o m o d i n u c l e a r  c o m p l e x e s  o f  Eu ^ + ( F i g s .  3 - 6 ) .  S i n c e  
t h e  p e a k  i s  a s i n g l e t  t h e  s o l i d  c o m p l e x e s  mo s t  l i k e l y
O x  O x
c o n t a i n  one  t y p e  o f  Eu c a t i o n s ,  i . e . ,  a l l  Eu c a t i o n s  
i n  e a c h  c o mp l e x  e x p e r i e n c e  t h e  same c r y s t a l  e l e c t r i c  f i e l d  
a t  o n e  o f  t h e  Cn , Cs , o r  Cn i y s i t e  s y m m e t r i e s .  S i t e  
s y m m e t r i e s  C4 , C4v and C6v c a n  be e l i m i n a t e d  s i n c e
t h e y  p r e d i c t  o n l y  one  m a g n e t i c  d i p o l e  t r a n s i t i o n ,  i . e . ,  
t h e  d e g e n e r a c y  o f  t h e  7 Fj  l e v e l ,  w h e r e a s  a d o u b l e t  i s  
o b s e r v e d  f o r  t h e  5 DQ + 7 Fj  t r a n s i t i o n  [ 8 7 ]  ( F i g s .  3 - 6 ) .  
D e g e n e r a c y  o f  t h e  7 F^ l e v e l  i s  t h e r e f o r e  l i f t e d  b u t  n o t  
c o m p l e t e l y  s i n c e  t h r e e  ( 2 J  + 1)  p e a k s  wo u l d  be e x p e c t e d
f o r  a t o t a l l y  n o n d e g e n e r a t e  7 Fj  l e v e l  [ 8 5 ] .  P a r t i a l  
l i f t i n g  o f  d e g e n e r a c y  o f  t h e  7 F 2  and  7 F 4  l e v e l s  by t h e
c r y s t a l  e l e c t r i c  f i e l d  i s  a l s o  o b s e r v e d  f o r  a l l  f o u r  
e u r o p i u m  c o m p l e x e s  ( F i g s .  3 - 6 ) .  C r y s t a l  f i e l d  s p l i t t i n g s
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7 1o f  t h e  F j  l e v e l  a r e  a b o u t  170 cm i n  o f f - w h i t e
c o m p l e x e s  and 213 cm- * f o r  t h e  o r a n g e  f o r m w h i l e  t h o s e  o f
t h e  7 F 2  p a i r  o f  p e a k s  a r e  156 and 203 cm- 1  r e s p e c t i v e l y
( F i g s .  3 - 6 ) .  S p l i t t i n g s  among t h e  m a j o r  p e a k s  o f  t h e  7 F 4
l e v e l  a r e  a b o u t  1 2 8 ,  1 2 6 ,  and 163 cm- 1  f o r  t h e  q u a r t e t  i n
o f f - w h i t e  E u 2  XXXI V( N0 3 ) 4  . 2H20 ( F i g .  3)  and 193 and 242
cm"* f o r  t h e  t r i p l e t  o f  o r a n g e  c o m p l e x e s  ( F i g s .  4 - 6 ) .  The
c r y s t a l  f i e l d  s t r e n g t h  i n  t h e  o r a n g e  c o m p l e x e s ,  t h e r e f o r e ,
a p p e a r s  t o  be s t r o n g e r  t h a n  t h a t  o f  t h e  o f f - w h i t e  c o m p l e x .
On g o i n g  f r o m t h e  o f f - w h i t e  t o  t h e  o r a n g e  c o mp l e x
( b o t h  h a v i n g  t h e  s t o i c h i o m e t r y  Eu 2 XXXIV( NO3  ) 4  • 2H2 0 ) ,  t h e
h i g h  w a v e l e n g t h  p e a k  o f  t h e  5 DQ -  7 F 2  p a i r  i n c r e a s e s  i n
i n t e n s i t y  and  t h e r e  i s  l e s s  s p l i t t i n g  o f  t h e  7 F 4  S t a r k
l e v e l s  ( F i g s .  3 , 4 ) .  A l s o ,  t h e  l ow w a v e l e n g t h  p e a k  of  
5 7t h e  Dq •+ F^ p a i r  s hows  d e c r e a s e d  i n t e n s i t y  a l o n g  w i t h
C 7
t h a t  o f  t h e  DQ ->■ F Q p e a k .  F o r  t h e  t h r e e  o r a n g e  
c o m p o u n d s ,  Eu 2 XXXIV(NO3  ) 4  • 2H2 0 ,  Eu 2 XXXIV( NO3  ) 3 ( OH ) and 
Eu 2 XXXIV( NO3  ) 2 ( OH ) 2  , t h e  r e l a t i v e  i n t e n s i t y  o f
C 7
t h e  Dq ■+ ' F Q p e a k  i n c r e a s e s  w i t h  i n c r e a s i n g  h y d r o x i d e  
g r o u p s  ( F i g s .  4 - 6 )  and s p l i t t i n g s  o f  t h e  ^DQ ■+ 7 F j  p e a k s  
b e c ome  mo r e  p r o m i n e n t .  The  i n t e n s i t y  o f  t h e  h i g h  
w a v e l e n g t h  p e a k  o f  t h e  5 DQ -  7 F 2  p a i r  d e c r e a s e s  a l o n g  w i t h
r e s o l u t i o n  ( F i g s .  4 - 6 )  a s  NOg a r e  r e  p l a c e d  w i t h  OH",  and
t h e r e  a r e  e x t r a  p e a k s  i n  t h e  7 F 4  r e g i o n  o f  t h e
E u 2 XXXIV(N0 3 ) 3 ( 0 H) c o m p l e x  s p e c t r u m  ( F i g .  5 ) .  
U n d e r s t a n d i n g  o f  t h e s e  s u b t l e  c h a n g e s  w i l l  r e q u i r e
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q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  e f f e c t s  o f  t h e  m a g n i t u d e  
and s y mme t r y  o f  t h e  c r y s t a l  e l e c t r i c  f i e l d  on t h e  e n e r g y
O i
l e v e l s  o f  Eu , w h i c h  we a r e  u n a b l e  t o  p e r f o r m  a t  t h e  
moment  b e c a u s e  o f  u n c e r t a i n t i e s  i n  t h e  c r y s t a l  s t r u c t u r e s  
o f  t h e s e  c o m p l e x e s .
L u m i n e s c e n c e  d e c a y  c u r v e s  o f  t h e  c o mp o u n d s  a t  77 K 
w e r e  r e c o r d e d  a f t e r  e x c i t a t i o n  w i t h  a n i t r o g e n  l a s e r  ( 3 3 7  
nm) ;  and l u m i n e s c e n c e  i n t e n s i t i e s  t h a t  we r e  m o n i t o r e d  a t  
6 9 0  nm a r e  p r e s e n t e d  i n  F i g s .  1 3 - 1 6 .  De c a y  c u r v e s  
r e c o r d e d  by m o n i t o r i n g  l u m i n e s c e n c e  a t  620 nm we r e  s i m i l a r
t o  t h o s e  m o n i t o r e d  a t  690  nm; t h i s  b e h a v i o r  was  e x p e c t e d
b e c a u s e  b o t h  l u m i n e s c e n c e s  o r i g i n a t e d  f r o m t h e  same 
e x c i t e d  l e v e l .  The  c u r v e s  we r e  f i t  t o  a s i m p l e  e x p o n e n t i a l  
( E q .  7)  ( F i g s .  1 3 - 1 6 ) .
I ( t )  = PRE e x p  ( - t / x )  ( 7 )
The  d e c a y  c u r v e s  o f  t h e  o f f - w h i t e  Eu 2 XXXIV(N0 3 ) 4  • 2 H2 O 
c o m p l e x  d i d  f i t  w e l l  t h e  s i m p l e  e x p o n e n t i a l  r e l a t i o n  b u t  
t h e  c u r v e s  o f  t h e  o r a n g e  c o mp o u n d s  d i d  n o t  f i t  t h e  s i m p l e  
e x p o n e n t i a l  mode l  ( F i g s .  1 3 - 1 6 ) .  The  l u m i n e s c e n c e  
l i f e t i m e s  o f  t h e  ^DQ l e v e l  i n  t h e  f o u r  c o m p l e x e s  a r e  g i v e n  
i n  T a b l e  1.
The  l u m i n e s c e n c e  l i f e  t i m e s  a r e  g e n e r a l l y  s m a l l e r
t h a n  t h e  v a l u e  o f  a t  l e a s t  1  ms e x p e c t e d  f o r  e u r o p i u m
compounds d e v o i d  of  s i g n i f i c a n t  e n e r g y  t r a n s f e r
[ 8 8 , 9 0 , 9 1 , 9 7 - 9 9 ] .
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Figure 13. (Upper curve): The luminescence decay curve
of off-white Eu2 XXXIV(N0 o ) a w i t h  a good 
fit to simple exponential decay kinetics.
Figure 14. (Lower curve): The luminescence decay curve
of orange Eu2 XXXIV(N0 3 )4 .2 H2 0  showing
poor fit to simple exponential decay 
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Figure 15: (Upper curve): The luminescence decay curve
of orange E^XXXIVCNOg) 3 (OH) showing poor 
fit to simple exponential decay kinetics 
(--  line).
Figure 16: (Lower curve): The luminescence decay curve
of orange E^XXXIVCNOg^tOH^ showing poor 
fit to simple exponential decay kinetics 
(---  line).
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Table  1 : Luminescence l i f e t i m e s  of  the D0 l e v e l  of  Eu3
in  homodinuclear  macrocyc l i c  complexes of  europium 
and XXXIV,  based on a s imple ex po n e n t i a l  decay  
model .
Compound L u m i n e s c e n c e  l i f e t i m e
i n us
Eu 2 XXXIV( NO^ ) 4  • 2H2 0 706 ^  3
( o f f - w h i t e ) 
o r a n g e  c o m p l e x e s
Eu 2 XXXI V( N0 3 ) 4  .  2H2 0
m o n i t o r e d  a t  690 nm 391 +_ 2
m o i n t o r e d  a t  620  nm 366 2
Eu 2 XXXI V( N0 3 ) 3 ( 0H)  569 +_ 2
E u 2 XXXI V( N0 3 ) 2 ( 0 H ) 2  730 +_ 3
The  v a l u e s  a r e  w i t h i n  r a n g e  o f  t h o s e  f o u n d  f o r  c o mp o u n d s
O j .
e x h i b i t i n g  e n e r g y  t r a n s f e r  p r o c e s s e s  i n v o l v i n g  Eu [ 8 8 , 
9 0 , 9 1  , 9 7 - 1 0 0 ] ,  Mor e  i m p o r t a n t l y ,  t h e  p o o r  f i t  o f  t h e  
l u m i n e s c e n c e  d e c a y  c u r v e s  o f  t h e  o r a n g e  c o m p l e x e s  ( F i g s .  
1 4 - 1 6 )  t o  a s i m p l e  e x p o n e n t i a l  i s  an i n d i c a t i o n  o f  t h e  
p r e s e n c e  o f  e n e r g y  t r a n s f e r  p r o c e s s e s  i n v o l v i n g  t h e
l u m i n e s c i n g  E u 3+ c a t i o n  [ 8 8 , 9 0 , 9 5 , 9 7 - 1 0 1 ] ,  S a m p l e s  
d i l u t e d  w i t h  d i a m a g n e t i c  La 3 + , Y3 + , o r  Lu 3+ w i l l  be u s e d
i n  a t t e m p t s  t o  e s t a b l i s h  t h e  o r i g i n  o f  t h e  e n e r g y  t r a n s f e r  
p r o c e s s e s  i . e . ,  w h e t h e r  t h e s e  a r e  d u e  t o  Eu -  Eu
c o n c e n t r a t i o n  q u e n c h i n g  o r  t o  p a i r  i n t e r a c t i o n s .
O j .
I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  s a m p l e s  o f  Pr
Oi
e x c i t e d  i n  t h e  s ame  way a s  t h o s e  o f  Eu d i d  n o t  show
l u m i n e s c e n c e  a l t h o u g h  t h e  e x c i t a t i o n  e n e r g y  was  a d e q u a t e  
f o r  e x c i t i n g  t h e  3 PQ l e v e l  ( F i g .  1  o f  s e c t i o n  1 . 1 ) wh i c h  
i s  known t o  l u m i n e s c e  s t r o n g l y  [ 5 3 , 6 0 , 6 8 , 7 3 , 7 4 , 1 0 2 - 1 0 4 ] .
C l e a r l y  t h e r e f o r e ,  p r e l i m i n a r y  r e s u l t s  o f  
l u m i n e s c e n c e  s t u d i e s  o f  t h e  homod i n u c l e a r  c o m p l e x e s  o f
o +
E u J and l i g a n d  XXXIV a r e  i n t e r e s t i n g  f r o m t h e  p o i n t s  o f  
v i e w  o f  l i g a n d  XXXIV ■* Eu 3  + and  E u 3  + -  E u 3  + e n e r g y  
t r a n s f e r  p r o c e s s e s  i n d i c a t e d  by t h e  e x c i t a t i o n  s p e c t r a  and 
l u m i n e s c e n c e  d e c a y  c u r v e s ,  r e s p e c t i v e l y .  The  n a t u r e  o f  
t h e s e  e n e r g y  t r a n s f e r  p r o c e s s e s  i s  n o t  d i s c e r n i b l e  f r o m 
t h e  p r e l i m i n a r y  r e s u l t s .  P e r h a p s  g r e a t e r  i n s i g h t  w i l l  
e m e r g e  f r o m f u r t h e r  e x p e r i m e n t s  e s p e c i a l l y  w i t h  s a m p l e s  
d i l u t e d  w i t h  d i a m a g n e t i c  L a 3  + , l_u3+ o r  Y3  + and c o m p l e x e s
O i  O i
o f  o t h e r  r a r e  e a r t h s  s u c h  as  Tb and E r J e n e r g y  l e v e l s
o f  w h i c h  a r e  s u i t a b l y  s i t u a t e d  f o r  p r o b i n g  f a c t o r s
O X
r e s p o n s i b l e  f o r  Pr  l u m i n e s c e n c e  a n n i h i l a t i o n  w h i c h  a r e  
a p p a r e n t l y  n o t  so s e v e r e  i n  E u 3+ c o m p l e x e s .
The  e . p . r .  s p e c t r a  o f  t h e  Gd3+ d o p e d  L a 2 XXXIV( N03 ) 4 , 
Y2 XXXI V( N0 3 ) 4 . 2 H 2 0 ,  Y2 XXXI V( N0 3 ) 3 ( 0 H ) ,  and Lu 2 XXXI V( N0 3 ) 4  
• 2H2 0 a r e  g i v e n  by F i g s .  1 7 - 2 1 .  The  s p e c t r a  o f  t h e  Gd3+ 
d o p e d  i n  t h e  o r a n g e  y t t r i u m  and  l u t e t i u m  h o m o d i n u c l e a r
c o mp l e x  m a t r i c e s  h a v e  s i m i l a r  l i n e  s h a p e s ;  a l l  e x h i b i t  a
d o m i n a n t  d e r i v a t i v e  s i g n a l  a t  a b o u t  g = 2 , an a b s o r p t i o n  
t y p e  p e a k  a t  a b o u t  g = 2 . 8 , and a s m a l l e r  d e r i v a t i v e  a t
O x
a b o u t  g = 5 . 8 .  The  l i n e  s h a p e  of  Gd d o p e d  i n  t h e  o r a n g e  
L a 2 XXXIV( N0 3 ) 4  c o m p l e x ,  a p p e a r s  t o  be a d i s t o r t e d  v e r s i o n
of those found when Gd3+ is doped in orange homodinuclear 
complexes of yttrium and lutetium.
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34-Figure 19: The e.p.r. spectra of orange Gd :
y2 xxxiv(no3 )4 .2 h2 o.
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Figure 20:The e.p.r. spectra of orange
GdJ :Y2 XXXIV(N03 )3 (0H).
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Figure 21: The e.p.r. spectra of orange Gd^+ :
Lu2XXXIV( NO3 ) 4 . 2H2 0 .
The  l i n e  s h a p e s  i n  o r a n g e  c o m p l e x e s  s how a t e m p e r a t u r e  
d e p e n d e n c e  and a r e  much mor e  s i m i l a r  a t  l o w e r  t e m p e r a t u r e s  
( F i g s .  1 8 - 2 1 ) .  The  EPR l i n e  s h a p e  o f  t h e  Gd 3  + d o p e d  o f f -  
w h i t e  homodi  n u c l e a r  c o mp l e x  L ^ XXX IV ( NO3  ) ^ r e m a i n s  
d i f f e r e n t  f r o m t h o s e  o f  o r a n g e  c o m p l e x e s  i n  t h e  12 -  298 K 
t e m p e r a t u r e  r a n g e .  We may t h e r e f o r e  c o n c l u d e  t h a t  t h e  L n 3+ 
c a t i o n s  i n  t h e  o r a n g e  c o m p l e x e s  c o o r d i n a t e  t o  t h e  l i g a n d  
XXXIV i n  b a s i c a l l y  t h e  s ame  f a s h i o n .  The  d i f f e r e n c e s  
o b s e r v e d  ( F i g s .  1 8 - 2 1 )  c o u l d  be a r e s u l t  of  d i f f e r e n c e s  i n
O _L
t h e  s i z e s  o f  Gd 0  a nd  r a r e  e a r t h  c a t i o n  i n  t h e  h o s t  
l a t t i c e s  ( L a 3  + i s  ~ 13% l a r g e r  t h a n  Gd 3  + w h i c h  i s  i n 
t u r n  ~ 9 . 5% and 5% l a r g e r  t h a n  Lu3+ and Y3+ r e s p e c t i v e l y )  
[ 1 0 5 ] .  Suc h  d i f f e r e n c e s  c o u l d  c a u s e  s i g n i f i c a n t
d i s t o r t i o n s  i n  t h e  c o o r d i n a t i o n  g e o m e t r y  o f  Gd3+ a s  t h e
O 4.
h o s t  m a t r i x  d e t e r m i n e s  t h e  d e t a i l e d  n a t u r e  o f  t h e  Gd 
s i t e ,  t h e r e b y  i n f l u e n c i n g  t h e  EPR l i n e  s h a p e .  Ho we v e r ,  t h e
Q 4.
e . p . r .  l i n e  s h a p e s  o f  Gd d o p e d  i n  t h e  a b o v e  h o m o d i n u c l e a r  
o r a n g e  c o m p l e x e s  o f  t h e  S c h i f f  b a s e  XXXIV a r e  v e r y  s i m i l a r
O 4.
t o  t h e  one  o b t a i n e d  w i t h  Gd d o p e d  i n  s o d i u m  s i l i c a t e
g l a s s e s  ( w h i c h  h a v e  no n i t r o g e n  d o n o r s )  [ 1 0 6 ]  and 
T l 2 $ e A s 2 S e 3  g l a s s e s  w h i c h  h a v e  no o x y g e n  o r  n i t r o g e n  d o n o r s  
[ 1 0 7 ] .  T h e s e  s i m i l a r i t i e s  a r e  d i f f i c u l t  t o  r e c o n c i l e  f r o m 
t h e  p r e s e n t l y  a v a i l a b l e  t h e o r i e s  l i n k i n g  c r y s t a l  e l e c t r i c  
f i e l d s  w i t h  t h e  Gd3+ EPR l i n e  s h a p e  f o r  p o w d e r e d  s a m p l e s  
[ 1 0 6 , 1 0 8 ] .  P r o b a b l y ,  i t  i s  t h e  g e o m e t r y  o f  t h e  c r y s t a l
82
e l e c t r i c  f i e l d  w h i c h  m a t t e r s  mo s t  f o r  t h e  Gd 3  + e . s . r .  l i n e  
s h a p e  r a t h e r  t h a n  t h e  n a t u r e  o f  t h e  l i g a n d s  g e n e r a t i n g  
i t .
No f u r t h e r  i n t e r p r e t a t i o n s  of  t h e  EPR s p e c t r a  w e r e  
p u r s u e d .
The  m a g n e t i c  s u s c e p t i b i l i t y  and moment  vs  t e m p e r a t u r e  
c u r v e s  a r e  g i v e n  i n  F i g u r e s  2 2 - 2 7 ,  w h e r e a s  t h e  m a g n e t i c  
mo me n t s  a r e  t a b u l a t e d  i n  T a b l e  2 .
T a b l e  2:  M a g n e t i c  mo me n t s  o f  P r 3 + , Dy3 + , and  Ho3+
o b s e r v e d  i n  r e p r e s e n t i v e  c o m p l e x e s  and c a l c u l a t e d  
f r e e  i o n  v a l u e s  a t  300 K.
Compound Moment—(j±gJ_
Gr o u n d  s t a t e  F r e e  I on  a
o f Ln 3  + O b s . C a l c .
Pr XXXV( N0 3 ) 2 (CH3 0H) 3 h 4 3 . 0 3 3 . 5 8
P r 2 XXXI V( N0 3 ) 4 «2H2 0 ( o f f - w h i t e ) 3 h 4 3 . 4 3 3 . 5 8
P r 2 XXXI V( N0 3 ) 4  ( o r a n g e ) 3 h 4 3 . 1 1 3 . 5 8
P r 2 XXXI V( No 3 ) 2 ( 0 H) 2  ( o r a n g e ) 3 h 4 2 . 6 2 3 . 5 8
Dy 2 XXXI V( No 3 ) 3 ( 0H)  ( o r a n g e ) 6  uh 1 5 / 2 8 . 4 9 1 0 . 6 5
Ho 2 XXXI V( N0 3 ) 3 (0H)  ( o r a n g e ) 5 T l 8 8 . 4 9 1 0 . 6 0
a p B( c a l c )  = g [ J  ( J + l  ) ] l y / 2 , i n  wh i c h  g = 3 / 2  - [ L ( L  + 1)  -




The temperature dependence of the magnetic 
susceptibility (upper curve) and moment 









Figure 23: The temperature dependence of the magnetic
susceptibility (upper curve) and moment 
(lower curve) of the off-white homodinuclear 
complex P^XXXIVtNOg)^
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Figure 24: The temperature dependence of the magnetic
susceptibility (upper curve) and moment 
(lower curve) of the orange homodinuclear 
complex Pr2 XXXIV(N03)4- 2H2 0.
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T e x p r i tu r t  (K)
Figure 25: The temperature dependence of the magnetic
susceptibility (upper curve) and moment 
(lower curve) of the homodinuclear complex 







Figure 26: The temperature dependence of the magnetic
susceptibility (upper curve) and moment 
(lower curve) of homodinuclear orange 
complex Dy2 XXXIV(N03 )3 (OH).
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Figure 27: The temperature dependence of the magnetic
susceptibility (upper curve) and moment 
(lower curve) of the homodinuclear orange 
complex Ho2 ^XXIV(N0 2 )3 (OH).
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q u a n t u m  n u mb e r ;  L = sum o f  a n g u l a r  moment um q u a n t u m  
n u mb e r ;  J = L + S ,  L + S - l , . . . ,  L - S ,  ( i . e .  t h e  s u b s c r i p t  on 
t h e  l e t t e r  d e s c r i b i n g  t h e  g r o u n d  s t a t e ) .
The  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  m a g n e t i c
s u s c e p t i b i l i t i e s  o f  p r a s e o d y mi u r n  c o m p l e x e s  do n o t  f o l l o w  
t h e  C u r i e - W e i s s  l a w ,  b u t  c o u l d  be s a t i s f a c t o r i l y  d e s c r i b e d  
by an a x i a l  r e l a t i o n s h i p :
Ng 2 ^B2 2 e ~ A^ kT+ 8 e “ 4 A / k T + 1 8 e " 9A^ kT+ 3 2 e ~ 1 6 A/ kT 
^ il kT  ̂ + 2 e " A/  ^T + 2 e " ^ A  ̂k^+ 2 e ” 9A^ k^+ 2 e ” A  ̂k^
Ng 2 ^B 1 0 ( l - e ~ A / k T ) + 3 ( e ~ A/ k T -  e ~ 4 A / k T )+ 7 / 5 ( e " 4 A / k T -  e ~9 A / k t ) 
l  + 2 e ” A^ k^+ 2 e ~ 4 A//k^ + 2 e ~ 9A^ k^ + 2 e""*^A^ k^
, 7 / 5 ( e " 4 A / k T -  e “ 9 A / k T ) + 4 / 7 ( e ~ 9 A / k T -  e " 1 6 A / k T )
1 + 2 e - A / k T + e - 4 A / k T + 2 e - g A/ k T+ 2 e - 1 6 A / k T
X, + 2 X
x e f f  -  3--------1 + TI P
I n  w h i c h ,  a = z e r o  f i e l d  s p l i t t i n g  p a r a m e t e r ;  k = B o l t z m a n ' s  
c o n s t a n t ;  p g = m a g n e t i c  mo me n t ;  N = A v o g a d r o s  n u mb e r ;  g = 
g f a c t o r ,  TI P = t e m p e r a t u r e  i n d e p e n d e n t  p a r a m a g n e t i s m .
Wi t h  t h e s e  r e l a t i o n s h i p s ,  l e a s t  s q u a r e s  f i t  t o  t h e  
m a g n e t i c  s u s c e p t i b i l i t y  d a t a  y i e l d e d  A/ k = 6 1 ,  1 3 4 ,  75 K(=
4 2 ,  9 3 ,  52 cm- 1 ) f o r  Pr XXXV( N0 3 ) 2  CH3 OH, o f f - w h i t e
P r 2 XXXI V( N0 3 ) 4  • 2H20 and o r a n g e  P r 2 XXXIV(N0 3 ) 4  . 2H2 0 
c o m p l e x e s  r e s p e c t i v e l y .  The  c o r r e s p o n d i n g  g v a l u e s  a r e
1 . 0 0 ,  1 . 1 2  and  1 . 1 0  ( c a l c .  4 / 5 ) ;  w h e r e a s  t h e
i n t e r m o l e c u l a r  i n t e r a c t i o n  v a l u e s  a r e  Z j / k  = - 6 , - 4 . 2 5 ,  
and  - 8 . 3 2  K ( - 4 . 1 ,  - 3 . 0 ,  and - 5 . 8  c m " * ) .  The  mo n o me r ,  and 
o f f - w h i t e  and o r a n g e  d i n u c l e a r  c o m p l e x e s  had a TI P 
a s s o c i a t e d  w i t h  t h e m h a v i n g  v a l u e s  o f  0 . 0 0 0 1 9 ,  0 . 0 0 1 5 3 ,
and  0 . 0 0 1 1 0  e mu/ mol  r e s p e c t i v e l y .
The  e x c h a n g e  i n t e r a t  i on ( Z j )  i s  a n t i  f e r r o m a g n e t i c  and
*
i s  mor e  p r o n o u n c e d  i n  t h e  o r a n g e  P r 2 XXX IV ( NO3  • 2H2 0 Zj  
c o m p l e x  v a l u e  o f  w h i c h  i s  t w i c e  t h a t  o f  t h e  o f f - w h i t e  
P r 2 XXXIV( NO3 • 2H20 c o m p l e x .  T h i s  i s  i n  good a g r e e m e n t  
w i t h  l u m i n e s c e n c e  d e c a y  k i n e t i c  s t u d i e s  i n  w h i c h  t h e  
e u r o p i u m  o f f - w h i t e  c o m p l e x  e x h i b i t s  s i n g l e  i o n  
l u m i n e s c e n c e  d e c a y  ( F i g .  13)  w h e r e a s  t h e  o r a n g e  c o mp l e x  
h a v i n g  t h e  s ame s t o i c h i o m e t r y ,  Eu 2 XXXIV( NO3  • 2H2 0 ,  
e x h i b i t s  m u l t i - e x p o n e n t i a l  l u m i n e s c e n c e  d e c a y  k i n e t i c s  
( F i g .  1 4 ) .  I n  a c c o r d a n c e  w i t h  t h e s e  o b s e r v a t i o n s ,  t h e  
o r a n g e  c o m p l e x  Ln 2 XXXIV( NO3 ) 3 ( OH) Ln = DY,  Ho h a v e  
m a g n e t i c  mome n t s  w h i c h  a r e  l o w e r  t h a n  f r e e  i o n  v a l u e s  
( F i g .  26 and 2 7 )  and t h e  d y s p r o s i u m  c o mp l e x  was f i t  t o  a 
C u r i e - W e i s s  l a w w h i c h  y i e l d e d  e = - 3 . 1 8 .  The  C u r i e
c o n s t a n t  i s  1 7 . 1 3  and TI P = 0 . 0 0 3 8 9  e m u / m o l .
The  d e v i a t i o n  o f  e x p e r i m e n t a l  g v a l u e s  f r o m t h e  f r e e  
i o n  o n e ,  t h e  s t r o n g  t e m p e r a t u r e  d e p e n d e n c y  o f  t h e  m a g n e t i c  
moment  o f  P r ^ + and t h e  o c c u r r a n c e  o f  TI P a t  12 and 50K 
( F i g .  2 2 , 2 3 )  i n  t h e  monomer  and o f f - w h i t e  d i m e r ,  p o i n t  t o  
a s t r o n g  i n f l u e n c e  o f  c r y s t a l  f i e l d  e f f e c t s  i n  t h e  
p r a s e o d y m i u m  c o m p l e x e s  [ 1 0 9 - 1 1 1 ] .  C r y s t a l  e l e c t r i c  f i e l d s  
w i l l  s p l i t  t h e  S t a r k  l e v e l s  o f  t h e  g r o u n d  t e r m  i n t o  Mj 
= i  4 ,  + 3 ,  + 2 ,  + 1 ,  0 .  As t h e  t e m p e r a t u r e  i s  d r o p p e d
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t h e  l ow e n e r g y  S t a r k  l e v e l s  s u c h  as  t h e  s i n g l e t  and + 1,  
a r e  i n c r e a s i n g l y  p o p u l a t e d .  S i n c e  t h e  s i n g l e t  i s  n o t  
a s s o c i a t e d  w i t h  a m a g n e t i c  mo me n t ,  pg i s  e x p e c t e d  t o  d r o p  
w i t h  d e c r e a s i n g  t e m p e r a t u r e .
A d e c r e a s e  i n  m a g n e t i c  mome n t s  i s  o b s e r v e d  b e l o w  100 
K f o r  t h e  c o m p l e x e s  L n 2 XXX IV ( NO3  ) 3  ( OH) ,  Ln = Dy,  Ho,  b u t  
t h e  r e d u c t i o n s  i n  moment  a r e  s m a l l  a s  e x p e c t e d  f r o m
c r y s t a l  e l e c t r i c  f i e l d  p r e d i c t i o n s  [ 1 0 9 - 1 1 1 ] ,  The  
m a g n e t i c  moment  o f  t h e  o f f - w h i t e  h o m o d i n u c 1 e a r  c o mp l e x
P r 2 XXXIV( NO3 ) 4 »2H2 0 ( 3 . 4 3  pB ) i s  i n  f a i r  a g r e e m e n t  w i t h
t h e  v a l u e  c a l c u l a t e d  f o r  t h e  f r e e  i o n  ( 3 . 5 8  p g ) .  But  t h e  
v a l u e s  o f  t h e  o t h e r  c o m p l e x e s  a r e  s i g n i f i c a n t l y  l o w e r ;  
t h a t  o f  P r 2 XXXIV(NO3  ) 2 ( 0 H ) 2  ( 2 . 6 2  pg ) i s  e s p e c i a l l y  l ow;
t h i s  r e s u l t  c a n  be c o mp a r e d  w i t h  t h e  v a l u e  o f  2 . 4  pg
e x h i b i t e d  by P r C u 4 Al  [ 1 1 3 ]  wh i c h  ha s  b e e n  a t t r i b u t e d  t o
o +
u n s p e c i f i e d  c r y s t a l  f i e l d  e f f e c t s .  O t h e r  l ow P r  mome n t s  
a r e  known f o r  P r ( N 0 3 ) 3  ( 2 . 9 8  pg ) ,  p r a s e o d y m i u m  2-
e t h y 1 h e x y 1- i s o p r o p y 1 p h o s p h o n a t e s  ( 3 . 1 8  pg)  and
p r a s e o d y m i u m  t r i b u t y l  p h o s p h a t e  ( 3 . 0 0  p B) [ 1 1 4 ] .  The
mo me n t s  o f  Ln2 XXXI V (NO3  )g ( OH) Ln = Dy,  Ho ( 8 . 4 9  p g ) a r e  
a l s o  l o w e r  t h a n  t h e  f r e e  i o n  v a l u e s  ( 1 0 . 6 5  and  1 0 . 6 0  pg ) .  
H o w e v e r , s i n c e  t h e  m a g n e t i c  s u s c e p t i b i l i t y  c u r v e s  d i d  n o t  
e x h i b i t  e x p l i c i t  a n t i  f e r r o m a g n e t i c  b e h a v i o r ,  i t  i s  
d i f f i c u l t  t o  a s s i g n  w i t h  c e r t a i n t y  t h e  o r i g i n  o r  t h e  l ow
mome n t s  t o  e i t h e r  c r y s t a l  f i e l d  e f f e c t s  o r
a n t i f e r r o m a g n e t i c  o r d e r i n g  [ 1 0 9 - 1 1 1 ] .  Once  a g a i n  t h e
i m p o r t a n c e  o f  k n o wi n g  t h e  c r y s t a l  s t r u c t u r e s  o f  t h e s e  
h o m o d i n u c l e a r  c o m p l e x e s  f o r  t h e  s t u d y  o f  t h e i r  m a g n e t i c  
and  s p e c t r o s c o p i c  p r o p e r t i e s  b e c o me s  a p p a r e n t .
Wh i l e  my s t u d i e s  w e r e  i n  p r o g r e s s  and  t wo  o f  o u r  
r e p o r t s  [ 5 1 - 8 0 ]  i n  p r e s s ,  t wo  c o n f e r e n c e  r e p o r t s  a p p e a r e d .  
T h e s e  r e p o r t s  w e r e  p r e l i m i n a r y  r e s u l t s  o f  t h e  s y n t h e s e s  o f  
h o m o d i n u c l e a r  l a n t h a n i d e  c o m p l e x e s .  The  f i r s t  r e p o r t  g a v e  
t h e  s y n t h e s i s  o f  a d i n u c l e a r  e u r o p i u m  c o m p l e x  w i t h  l i g a n d  
XXXVI [ 1 1 5 ] ,  and  t h e  s e c o n d  r e p o r t e d  h o m o d i n u c l e a r  
c o m p l e x e s  o f  l i g a n d  XXXVII [ 1 1 6 ] .  Ve r y  l i t t l e  i s  known 
a b o u t  t h e  c o m p l e x e s  e x c e p t  f o r  a c o m p l i c a t e d  l u m i n e s c e n c e  
s p e c t r u m  of  t h e  e u r o p i u m  c o mp l e x  o f  XXXVI [ 1 1 5 ] .
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CHAPTER 2
NOVEL GASEOUS POLYATOMIC BINARY AND 
TERNARY LANTHANIDE OXIDES
2 . 1 .  I n t r o d u c t i o n
Mass  s p e c t  r o m e t  r i  c s t u d i e s  o f  m o l e c u l a r  w e i g h t s ,  
s t r u c t u r a l  and g a s  p h a s e  c h e m i s t r y  o f  i o n i c  c o mp o u n d s  and 
p o l a r  m o l e c u l e s  s u c h  a s  p e p t i d e s ,  n u c l e o s i d e s ,  a n t i b i o t i c s  
and o t h e r  b i o l o g i c a l  and bi  omed i c a l  m o l e c u l e s ,  a r e  s e v e r e l y  
l i m i t e d  by t h e  r e q u i r e m e n t  t h a t  s a m p l e s  mu s t  be i n t r o d u c e d  
i n t o  t h e  s p e c t r o m e t e r  i n  g a s e o u s  f o r m b e f o r e  t h e y  c a n  be 
i o n i z e d  and s u b s e q u e n t l y  a n a l y s e d .  F o r  t h e s e  c o mp o u n d s  
t h e r m a l  d e c o m p o s i t i o n  i s  mor e  p r o b a b l e  t h a n  v o l a t i l i z a t i o n  
b e c a u s e  t h e i r  l a r g e  l a t t i c e  e n e r g i e s  o r  s t r o n g  i n t e r -  
m o l e c u l a r  i n t e r a c t i o n s  l e a d  t o  h i g h  h e a t s  o f  v a p o r i z a t i o n  
w h i c h  c a n  n o t  be o v e r c o m e  w i t h o u t  d e s t r o y i n g  t h e  c h e m i c a l  
i d e n t i t y  o f  t h e  s a m p l e s .
A l t h o u g h  f i e l d  d e s o r p t i o n  [ 1 - 3 ] ,  s e c o n d a r y  i o n  [ 4 - 6 ] ,  
l a s e r  i n d u c e d  d e s o r p t i o n  of  i o n s  f r o m s u r f a c e s  [ 7 ]  and 
2 5 2 Cf  r a d i a t i o n  [ 8 ] ma s s  s p e c t r o m e t r y  t e c h n i q u e s  h a v e  
a d d r e s s e d  t h i s  p r o b l e m ,  t h e  mos t  e f f e c t i v e  s o l u t i o n  h a s  s o 
f a r  b e e n  p r o v i d e d  by F a s t  At om Bo mb a r d me n t  ma s s  
s p e c t r o m e t r y  (FAB MS) [ 9 - 1 5 ] ,  The  FAB MS t e c h n i q u e  
d e v e l o p e d  by B a r b e r ,  B a r d o l i ,  S e d g w i c k  and T y l e r  i n  1980 
[ 9 , 1 4 , 1 5 ]  r e q u i r e s  g e n e r a t i o n  o f  i n e r t  ga s  i o n s ,  t y p i c a l l y ,
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Ar+ or Xe+ which are then accelerated to kinetic energies 
of 2-10 keV. These primary ions are then neutralized by 
resonant charge exchange as they pass through a collision 
chamber containing an appropriate inert gas (Ar or Xe) at a 
higher pressure. Resonant charge exchange occurs with no 
or little loss in forward momentum and charged particles 
may be cleansed from the predominantly atomic beam by 
electrostatic deflectors. When the fast atom beam impinges 
on the sample, momentum exchange between the fast atoms and 
the particulates at the sample surface occurs causing 
sputtering. The sample particulates which pass into the 
gas phase may ionize by loss or addition of a cation or 
anion followed by standard acceleration and detection of 
the ions [9,14,15]. Therefore no thermal volatilization of 
the sample is needed and FAB MS operates at ambient 
temperature. Consequently, chances for observing large 
(pseudo) molecules and new compounds formed in the 
spectrometer are improved for this soft ionization mode. 
For these reasons FAB MS has within a short time of its 
development become very popular in biochemical and 
biomedical laboratories [9,12-16] where other mass 
spectrometric techniques were not as helpful as FAB MS. 
For example, a molecular ion of an oligonucleotide of m/z = 
13,726 has been observed having significant intensity [16].
T h e r e  i s  a l s o  a g r o w i n g  i n t e r e s t  i n  u s i n g  FAB MS t o  
s t u d y  g a s  p h a s e  p r o c e s s e s  s u c h  a s  c l u s t e r i n g  a s  e x h i b i t e d  
i n  FAB MS o f  C s l ,  R b l ,  N a l ,  L i l ,  w h e r e  c l u s t e r s  o f  t h e  t y p e  
( C s I ) n C s + c a n  be as  l a r g e  as  n = 36 ( m/ z  = 9 4 8 6 )  and mi x e d  
i o d i d e s  s u c h  a s  t C s n KmI m+n_ j ] + , n+m = 7 a r e  r e a d i l y
o b s e r v e d  [ 1 0 - 1 3 ] ,  R e a c t i o n s  l e a d i n g  t o  p o l y a t o m i c  o x i d e s  
may a l s o  o c c u r  i n  FAB MS a s  e x e m p l i f i e d  by NaN0 3  w h i c h  
g i v e s  c l u s t e r s  s u c h  a s  Na3 o J  [ 1 1 ] and  KTCO4  w h i c h  i n  
n e g a t i v e  i o n  FAB MS g i v e s  t h e  s e r i e s ,  T c 2 0 2 + n ; T c 4 ^ 3 + n > 
T c 4 ° 4  + n and  T c 5 ^ 5  + n » n = • FAB MS a l s o  a l l o w s
s p e c i e s  p r e s e n t  i n  a l i q u i d  e q u i l i b r i u m  m i x t u r e  t o  be 
q u a n t i f i e d ,  t h e r e b y  p r o v i d i n g  i n f o r m a t i o n  on t h e  
c o m p l e x a t i o n  t h e r m o d y n a m i c s  a s  f o u n d  i n  t h e  FAB MS o f  
s o l u t i o n s  c o n t a i n i n g  f -  o r  d - b l o c k  e l e m e n t s  and c r own  
e t h e r s  [ 1 8 ] ,  Even o r g a n o m e t a l 1 i c  c o mp o u n d s  w h i c h  e x h i b i t  
e x t e n s i v e  f r a g m e n t a t i o n  i n  o t h e r  ma s s  s p e c t r o m e t r i c  
t e c h n i q u e s  r e a d i l y  g i v e  p s e u d o  m o l e c u l a r  i o n s  i n  FAB MS 
e . g . ,  R h C l ( P P h 3  ) ,  ReC1 ( CO ) 3  and  0 s 4 H3 ( C 0 ) 1 2  [ 1 9 ] .  The  FAB 
MS t e c h n i q u e  t h e r e f o r e  o f f e r s  new p o s s i b i l i t i e s  f o r  
s t u d y i n g  b i o l o g i c a l ,  p h a r m a c o l o g i c a l  and i n o r g a n i c  
c o mp o u n d s  w h i c h  a r e  a l m o s t  i m p o s s i b l e  t o  i n v e s t i g a t e  by 
o t h e r  known ma s s  s p e c t  r o me t  r i  c t e c h n i q u e s .
I n  t h e  a b s e n c e  o f  X - r a y  d i f f r a c t i o n  q u a l i t y  s i n g l e  
c r y s t a l s  o f  h o m o d i n u c l e a r  c o m p l e x e s  d e s c r i b e d  i n  C h a p t e r  1 ,  
FAB MS b e c a me  t h e  me t h o d  o f  c h o i c e  i n  s e a r c h  o f  
s a t i s f a c t o r y  e v i d e n c e  f o r  t h e  2 : 2  c o n d e n s a t i o n  l e a d i n g  t o
h o m o d i n u c 1e a r  c o m p l e x e s  o f  l i g a n d  XXXIV r a t h e r  t h a n  a 1 : 1  
c o n d e n s a t i o n  w h i c h  g i v e s  m o n o n u c l e a r  c o m p l e x e s  o f  l i g a n d  




I n  a d d i t i o n  t o  s t r o n g  s i g n a l s  a r i s i n g  f r o m s p e c i e s  
s u c h  a s  [ LnXXXI VN0 3 + H ] + , LnXXXIV+ and H3 XXXIV+ , we o b s e r v e d  
s t r o n g  p e a k s  a s s o c i a t e d  w i t h  n o v e l  o x o c l u s t e r s  o f  
l a n t h a n i d e s  i n  t h e  p o s i t i v e  i o n  FAB MS of  t h e  S c h i f f  b a s e  
c o m p l e x e s  d e s c r i b e d  i n  C h a p t e r  1.  B e s i d e s  b i n a r y  o x i d e  
c l u s t e r  c a t i o n s  we a l s o  o b s e r v e d  new t e r n a r y  l a n t h a n i d e  
o x i d e  s p e c i e s  and  s ome g a d o l i n i u m - g a l 1 iurn t e r n a r y  o x i d e s  
when a p p r o p r i a t e  s a m p l e  m i x t u r e s  we r e  a n a l y s e d  by p o s i t i v e  
i o n  i n  FAB MS. The  g a s  p h a s e  c h e m i s t r y
r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t h e s e  new and  i n t e r e s t i n g  
o x i d e  c l u s t e r s  i s  g e n e r a l  so t h a t  t h e  o x i d e  s p e c i e s  c a n  be 
g e n e r a t e d  f r o m t h e  c o m p l e x e s  o f  l i g a n d s  XXXIV and XXXV as  
w e l l  a s  f r o m s i m p l e  s a l t s  s u c h  a s  n i t r a t e s  and c h l o r i d e s  
and s e s q u i o x i d e s .
R e s u l t s  o f  o u r  i n v e s t i g a t i o n s  o f  t h e s e  oxo c l u s t e r s  
a r e  d e s c r i b e d  i n  d e t a i l  i n  t h e  f o l l o w i n g  m a n u s c r i p t  
s u b m i t t e d  t o  I n o r g a n i c  C h e m i s t r y  f o r  p u b l i c a t i o n :  I .  A.
Kahwa;  T.  C . - Y .  H s i e h ;  R.  A.  L a i n e ;  J .  S e l b i n ,  " No v e l  
g a s e o u s  p o l y a t o m i c  b i n a r y  and t e r n a r y  l a n t h a n i d e  o x i d e s . "
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NOVEL GASEOUS POLYATOMIC BINARY 
AND TERNARY LANTHANIDE OXIDES
Ishenkumba A. Kahwa;a Thomas C-Y. H s i e h ,b 
Roger A. La inec and Joel  S e lb in 3*
A C on t r ib u t io n  from th e  Departments of Chemistry3 ,
k  p
Food Sc ien ce ,  L.S.U. A g r i c u l t u r a l  Center  , and Biochemis try  , 
Louis iana  S t a t e  U n i v e r s i t y ,  Baton Rouge, LA 70803 USA
A b s t r a c t ;
A v a r i e t y  of novel gaseous polyatomic b inary  and t e r n a r y  oxides 
were observed a r i s i n g  from l a n th a n id e  n i t r a t e  S c h i f f  base complexes,  
simple s a l t s  and s e s q u i o x i d e s , in a Fas t  Atom Bombardment (FAB) mass 
spec t rom e te r  o p e ra t in g  a t  room t e m p e r a t u r e .  The new b inary  oxides ( a l l  
as s in g ly  p o s i t i v e  ions )  d e t e c t e d  a re  L n ^ ,  Ln3 0 3 , Ln3 0 4 , Ln4 04 , Ln4 05 ,
bn4^6» bn5^6* bn5®7* bn5^8 bn6^8* bn6^9* bn7^10’ bf18^11’ bn8^12 3n<̂  
LngO^ (Ln=lanthanide  e lem en t ) ;  the  t e r n a r y  gaseous oxides  a re  CeEu02 ,
C e E u - ^  and Ce2 Eu04 , LaYb02 , La2 Yb04  and LaYb2 04 ; NdHoOg, Nd2 Ho04 , and
NdHo2 04 ; YTm03 ; YxTm3 _x04 , x= l -2 ;  YxTm4 _x06 , x=l-3 ;  YxTm5 _x07 , x=l-4 ;
^x^m6-x^9’ x=l “5* Some of t h e se  oxides  show th e  l a n th a n id e  c a t i o n s  in
unusual o x ida t ion  s t a t e s .  G ado l in ium -ga l1ium t e r n a r y  o x id e s ,  GdGa02 ,
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GdGaO-j and GdgGaO^ were a l s o  d e t e c t e d .  The FAB MS environment i s
?+s i g n i f i c a n t l y  reduc ing ,  y i e l d i n g  a homologous s e r i e s  EunOn where Eu i s
Ox Oj.
dominant (E°(Eu /Eu )=-0.35V) and no ga l l i um or  indium oxides
(E°(M^+/M°=-0.34V ( I n ) ,  -0.53V(Ga)) were formed. For p o ly la n th a n id e
t e r n a r y  o x i d e s ,  the  s to ic h io m e t ry  of the  oxides  formed i s  determined
l a r g e l y  by th e  chemis t ry  of  the  major m e t a l l i c  component. I t  i s
sugges ted  t h a t  the  gaseous polyatomic  oxides  a re  formed through a
+ +
r e d u c t iv e  condensa t ion  process  i nvol v i ng  primary s p ec ie s  Ln and LnO 
formed when th e  r a r e  e a r th  compounds a re  s t ru c k  by f a s t  Xe atoms.
The sequence might be
Rare e a r t h  compound x~e ̂ atoms'* "̂n+ +
2 LnO+ + e“ -------- > Ln«(£/.........Ln.,0 *, «2 2(g)  3 3(g)
The demonstra ted  p o s s i b i l i t y  of double component oxide format ion 
broadens th e  number and types  of gaseous l a n th a n id e  oxides  which are  
a c c e s s i b l e .
109
INTRODUCTION
S o l id  b inary  and multicomponent l a n th a n id e  oxides  have found
e x te n s iv e  a p p l i c a t i o n s  in t h e  l a s e r 1 * e l e c t r o n i c 2  and c a t a l y t i c 2 " 5
a r e a s .  The e x c e l l e n t  e l e c t r o n i c  p r o p e r t i e s  of  the  r a r e  e a r t h  e lements
which spurred  the  s u c c e s s fu l  a p p l i c a t i o n s  t o  which th e  r a r e  e a r t h s  and
t h e i r  compounds have been put a re  a t t r a c t i n g  i n t e r e s t  in the  development
of gas phase l a s i n g  media 1  and in p io n e e r in g  work on gas phase 
p r e p a r a t i o n  te ch n iq u es  f o r  new c a t a l y s t s 6"®* D esp i te  t h e i r  dominance in
s o l i d  phase l a n th a n id e  a p p l i c a t i o n s ,  r a r e  e a r t h  oxides  a re  not being
a c t i v e l y  pursued fo r  p o s s i b l e  gas phase t e c h n o l o g i e s ,  and knowledge of
t h e i r  gas phase chem is t ry  i s  very l i m i t e d .  The gaseous l a n th a n id e  (Ln)
ox ides  p re v io u s ly  known, LnO, Ln02 , Ln20 and Ln2 0 2 , d e te c te d  as s in g ly
charged c a t i o n s ,  were i n e qu i l i b r i u m m ix tures  over molten condensed
systems such as r a re  e a r t h  m e ta l s ,  i n t e r m e ta l  1 i c s , n i t r i d e s 1 ® * 1 1  and
sesq u io x id e s  or were genera ted  in high tem p e ra tu re  exper iments  of the
samarium-neodymium geochronology method12" 16 , and l a s e r  i o n i z a t i o n  and
spark source  mass s p e c t r o m e t r y 1^.  The gaseous oxide s p ec ie s  Ln0+ and
Ln02+ were a l s o  observed a long with Ln+ in p o s i t i v e  ion glow d ischa rge
1 ftmass spec t rom etry  in  a pure oxygen atmosphere  . The n e g a t iv e  ion mode
of t h i s  te chn ique  y i e ld e d  the  s p e c i e s ,  Ln02" ,  Ln03" ,  LnO^", Ln0&" and
18LnOg", Ln=Ce, Sm. But n e i t h e r  th e  p o s i t i v e  nor t h e  neg a t iv e  ion mode 
gave p o ly la n th a n id e  o x id e s .  S im i la r  monoanions,  LaO", La02" ,  La03" and 
LaO^" were ob ta ined  from a LaBg i o n i z e r  a t  1200°C1®. But t h e r e  i s  no 
i n d i c a t i o n  from t r e n d s  in thermodynamic d a t a 1® t h a t  the  h eav ie r  unknown 
gaseous polyatomic oxides  ( e s p e c i a l l y  Ln2 0 3 (g) )  a r e  any l e s s  s t a b l e  than 
th o se  a l r ead y  known.
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We r e p o r t  here  d e t e c t i o n  of novel gaseous polyatomic  l a n th a n id e  
o x id e s ,  Ln2 0 3, Ln3 0 3, Ln3 04 , Ln4 04 , Ln4 05 , Ln4 06 , LngOg, LngOy, LngOg, 
LngOg, LngOg, LnyO-^Q, LngOjj, LngO^ and LngO^g, each as a t r a n s i e n t  
monocation in  th e  s o f t  i o n i z a t i o n  c o n d i t io n s  a f fo rd e d  by F as t  Atom 
Bombardment Mass Spec trometry  (FAB MS). These oxides  were genera ted  
from homobinuclear  complexes of l a n th a n id e s  and th e  S c h i f f  Base 
l i g a n d 20 , Ln2 L(N03 ) 4 _x (0H)x -nH20 ( x = 0 , l , 2 ) ,  n=0,2; as well as from 
l a n th a n id e  n i t r a t e s ,  c h l o r i d e s  and o x id e s ,  t h e  l a t t e r  sources  y i e l d i n g  
Ln3 04+ and t h e  sm a l le r  s p e c i e s .
cH’̂ O t^ os e°-<0>-cH3 >  ^  j r u
Nv N. Nv .N = 1
W W W
The occur rence  of the  oxide sp ec ie s  Ln5 0y+ and the  sm a l le r  ones in our 
FAB MS exper im ents  a re  d i s c e r n i b l e  from th e  i s o t o p i c  p a t t e r n s  when Ln i s  
p o l y i s o t o p i c  and h ighe r  members of the  s e r i e s  were prominent in l a r g e l y  
monoisotopic  l a n t h a n i d e s .
We were a l s o  ab le  to  couple  cerium and europium, to  form new 
t e r n a r y  gaseous oxides  s p e c i e s :  CeEu02+, Ce2 Eu04+ and CeEu2 03+ ; 
neodymium and holmium t o  y i e l d  th e  oxide s p e c i e s :  NdHo03+ , Nd2 Ho04+ and 
NdHo2 04+; and lanthanum and y t t e rb iu m  to  give t h e  t e r n a r y  oxide s p e c i e s :  
LaYb02+ , La2 Yb04+ and LaYb2 04+. The coupl ing  of the  monoisotopic  
e lements  y t t r i u m  and t hul i um revea led  an e x te n s iv e  p o s s i b i l i t y  of
I l l
forming t e r n a r y  o x id e s .  The most prominent peaks in th e  co rrespond ing  
mass s p e c t r a  were th o se  of b inary  oxides and the  fo l low ing  t e r n a r y  
o x i d e s :
YTm03+ , Y2 Tm04+ , YTm2 04+ , Y3 Tm06+ , Y2 Tm2 06+ , YTm3 06+ , Y4 Tm07+ , 
Y3 Tm2 0 7 + ,Y2 Tm3 0 7 +, YTm4 0 7 * ,  Y^TmOg*, Y4 Tm2 0 g"*"» ^ 3 "l"ro3 0 g*» T2 Tm4 0 g"*" and 
YTmgOg"*".
In o rde r  t o  shed more l i g h t  on the  s i g n i f i c a n c e  of low p o t e n t i a l
redox ro u te s  such as Eu3+ + e" ------> Eu2+ (E^ = -0 .35V ) 2 1 * 2 2
c o n t r i b u t i n g  to  the  p o ly la n th a n id e  oxide formation p r o c e s s ,  and to  see 
i f  l a n th a n id e  e lements  can be coupled with n o n - la n th a n id e  elements  to  
form multicomponent gaseous t e r n a r y  o x id e s ,  we analyzed mixtures  of 
l a n th a n id e  and group 11 IB elements  (M) by FAB MS. These e lements  are
. O4 , O j.
t r i v a l e n t  l i k e  r a re  e a r t h s  and l i k e  Eu , In and Ga have access  to  a 
low p o t e n t i a l  redox ro u te :  E° ( I n 3 +/ I n ° ) = -0 .3 4 V 2 3  and E°(Ga 3 +/ G a ° ) =-
OO
0.53V . I f  the  predominance of the  s t a b l e  o x id a t io n  s t a t e  2+ in
europium oxides i s  in response  to  a predominantly  reducing FAB MS 
environment ,  then the  s p ec ie s  formed by Ga and In sources  should 
d e f e r  from those  of Ln3+ with l a r g e  Ln3 +/L n2+ p o t e n t i a l s  f o r  which 
o x id a t io n  s t a t e s  l a r g e r  than 2 dominate the  gaseous oxide sys tem s .  But 
s in ce  M3+ may be reduced to  e i t h e r  M̂  or M+ r a t h e r  than M2+, t h e i r  FAB 
MS oxide products  should d i f f e r  from those  of Eu as we l l ,  which i s  
indeed th e  c a s e .
On the  ba s i s  of our exper imental  r e s u l t s  we conclude  t h a t  the  
b inary  and t e r n a r y  oxides  a re  formed from a r e d u c t iv e  condensa t ion  of 
primary s p ec ie s  such as Ln+ and Ln0+ which a re  formed when the  samples
are  s t ru c k  by f a s t  Xe atoms, e . g .  2Ln0++e” ------- > Ln2 0 2 +^g j .  The
r e a c t a n t s  may be a t  or near  the  s u r f a ce  of s p u t t e r e d  m a te r i a l  or in the
112
gas phase .  The new products  are  formed with an i n t r i n s i c  p o s i t i v e  charge 
which a f f o r d s  g r e a t e r  s e n s i t i v i t y  f o r  t h e i r  d e t e c t i o n  in th e  p o s i t i v e  
ion mode of FAB MS.2^
EXPERIMENTAL SECTION
D e ta i l s  of the  s y n th e s i s  of the  l a n th a n id e  phenol a t e  S c h i f f  base 
complexes as well as d e t a i l s  of the  Fas t  Atom Bombardment Mass 
spec t rom etry  se tup  have been rep o r ted  p r e v i o u s l y . 2 0  The samples of 
Nd2 0 3 , GdC^nHgO, Gd(N0 3 ) 3 »5 H2 0 , b a s ic  aluminium a c e t a t e ,  and 
M2 0 3 (M=Ga, In) used to  ob ta in  M t N C ^ ^ n ^ O  were commercial p ro d u c t s .  The 
FAB MS ion source  p re s su re  was 10"6 -10"^ t o r r  and 10"6 -10 “ 7  t o r r  f o r  th e  
a n a l y z e r .  The mass s p e c t r a  on which t h i s  r e p o r t  i s  based a re  averages  
of 20 to  70 s u ccess iv e  scans  in which only those  peaks appear ing  in a t  
l e a s t  75% of th e  scans with i n t e n s i t i e s  of a t  l e a s t  1% were i n c lu d e d .
The Y2 L( NO3 ) 3 ( 0 H) and Gd2 L(N0 3 ) 4 *2 H2 0  samples were a l s o  run in a mix ture  
of  g lycero l  and DMSO. In d i f f e r e n t  exper imental  r u n s ,  t h r e e  d i f f e r e n t  
c a l i b r a t i o n  mass ranges were achieved: 250-2000, (Y, Gd samples in 
DMSO/glycerol m a t r i x ) ,  184-1953 (Dy) and 92-1785 f o r  a l l  o th e r  samples 
i n c lu d in g  th e  Ce/Eu, Nd/Ho, La/Yb, Y/Tm, Gd/Al,  Gd/Ga, E r / In  and Yb/In 
m ix tu r e s .  Reso lu t ion  was s e t  a t  1000. The double component oxides  were 
ob ta ined  from samples co n ta in in g  about 1 : 1  molar powder mix tures  o f :  
Ce2 L(N03 ) 4  and Eu2 L( N03 ) 4 «2H20 (Ce/Eu);  L a ^ ^ . n ^ O / Y b ^ ^ ^ O  
(La/Yb);  Ln2 L(N0 3 ) 2 ( 0 H) 2  (Nd/Ho); Y g L ^ ^ O H j / T n ^ L t M ^ ^ H g O t Y / T m ) ; 
Ga(N0 3 )-j*nH2 0 /Gd(N0 3 ) 3 »5 H2 0  (Gd/Ga); Gd(N0 3 ) 3 «5 H2 0 / b a s i c  aluminum 
a c e t a t e  (Gd/Al) and Er 2 L(N0 3 ) 3 ( 0 H)/InL*(N0 )3 )x ( E r / I n ) ;  
Yb2 L(N0 3 ) 4 »2 H2 0 /InL*(N 0 3 )x (Y b / I n ) ,  where InL*(N0 3 ) x = u n i d e n t i f i e d  
indium compound formed in the  same way as the  l a n th a n id e  S c h i f f  base
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complexes .  The presence  of indium in the  product was confirmed by 
the rm ograv im etry .  The La/Yb, Gd/Ga and Gd/Al mix tures  as well as the  
l a n th a n id e  c h lo r id e s  and n i t r a t e s  were s o lu b le  in  g l y c e r o l ,  but t h e  da ta  
from dry samples were th e  same as from s o l u t i o n s .
The computer program used to  deconvolu te  i s o t o p i c  p a t t e r n s  was our 
F o r t r a n  IV v e rs ion  of  th e  F o r t r a n  V program ob ta ined  from C. S. Hsu of 
Exxon Research and Engineer ing  Co. ,  New J e r s e y . ^
RESULTS
Bombardment of l a n th a n id e  pheno la te  S c h i f f  base complexes with f a s t  
xenon atoms in a FAB source  leads  t o  th e  fo rmation  of a v a r i e t y  of 
gaseous polyatomic oxides  l i s t e d  in Table 1. The observed and 
c a l c u l a t e d  i s o t o p i c  p a t t e r n s  f o r  some gadolinium sp ec ie s  d e t e c t e d  a re  
shown in F ig .  1. While most of the  l a n th a n id e s  formed gaseous oxides  
from LnO to  LngOy (Table 1 ) ,  the  nea r ly  monoisotopic  elements lanthanum, 
praseodymium, holmium, and y t t r i u m  gave a d d i t i o n a l  peaks corresponding  
t o  m/z f o r  th e  p o s i t i v e  ions  of LngOg, LngOg, LngOg, LngOg, Ln 7°10> 
LngO^j, Lng012» and Lng01 3  (F ig .  2 ) .  Close proximity  of the  FAB gun to  
the  o f f - w h i t e  Gd2 L(N0 3 ) 4 «2 H2 0  sample enhanced th e  i n t e n s i t y  of the  heavy 
s p ec ie s  of gadolin ium oxides  showing poorly  de f ined  i n t e n s i t y  
p a t t e r n s .  (See th e  c ro s se s  in Table 1 ) .
Samarium was the  p o o re s t  gaseous polyatomic oxide- former  s t u d i e d ,  
as i t  e x h ib i t e d  only one oxide (SmO) with a w e l l - d e f in e d  i n t e n s i t y  
p a t t e r n  and complex peak c l u s t e r s  a t  m/z values  f o r  Sm2 0+ , Sm2 02+ and 
SmgO^*. Europium samples p r e f e r r e d  format ion  of a homologous s e r i e s :  
EupOn , with n = l , 2 , 3 , 4  and a suboxide Eu2 0 .  The y t t e rb iu m  sample gave an 
i n t e n s e  c l u s t e r  a t  m/z co rrespond ing  to  Yb2 0 2  and a l e s s  i n t e n s e  one fo r
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Yb2 0 3  and l i k e  o th e r  l a n th a n id e s  i t  a l so  y i e ld e d  YbjO^, but l i k e  
europium i t  a l s o  gave th e  oxide  Yb^O^. The gadolin ium sample run in a 
DMSO/glycerol matr ix  had peak c l u s t e r s  of comparable i n t e n s i t y  a t  m/z 
f o r  Gd2 C> 2  ( 80%) and Gd2 0 3  ( 1 0 0 %) but no oxides  h e a v ie r  than Gd3 C>4 ; 
however, m a t r i c e s  without DMSO gave much more i n t e n s e  Gd2 0 3  peaks 
r e l a t i v e  t o  those  of Gd2 0 2  and a l s o  y i e ld e d  h e av ie r  o x id e s .  On the  
c o n t r a r y  the  y t t r i u m  sample in DMSO/glycerol gave many ox ides  (F ig .  2) 
h e av ie r  than Y3 O4  with c l u s t e r s  c o n t a i n in g  odd numbers of y t t r i u m  atoms 
being more prominent than those  c o n ta in in g  even numbers.  The cerium 
sample gave a doub le t  a t  172, 174 f o r  Ce02  as e x p ec ted ,  but o th e r  
l a n th a n id e s  gave Ln(0 H)2 . Samples of Gd(Cl3 ) 3 »nH2 0 , Gd(N0 3 ) 3 *5 H2 0  and 
Nd2 0 3  gave the  gaseous oxides  LnO to  1 . 0 3 0 4  d em ons t ra t ing  t h a t  th e  
sources  of th e se  oxides  i s  more g e n e r a l .  Lanthanide  oxy g ly co la te  
s p ec ie s  Ln2 0 ( g l y ) + and Ln3 0 ( g l y ) + were formed along with th e  g lycol a t e  
s p ec ie s  Ln(g ly)+ . A sample of G d C ^ n ^ O  gave th e  sp ec ie s  GdCl+ and 
Gd202Cl "*"•
The FAB MS of a powder mixture  of 1:1 (molar)  cerium and europium 
S c h i f f  base complexes gave new double  component oxides  CeEu0 2 » CeEu2 0 3  
and Ce2 Eu0 4  ( F i g .  3) in a d d i t i o n  to  the  b inary  oxides observed in 
s e p a r a t e  pure samples (Table 1 ) .  The reg ion  in which EU3 O3  and C e E u ^  
peaks are  expected i s  c l u t t e r e d  and i t  i s  not p o s s i b l e  to  say with 
c e r t a i n t y  whether the  s p e c ie s  CeEu2 0 4 + was observed or n o t .
The powder mix ture  of Nd2 L(N0 3 ) 2 ( 0 H) 2  and Ho2 L(N0 3 ) 2 ( 0 H) 2  gave the  
double  component gaseous oxides  NdHoC^, Nd2 Ho0 4  and NdHo2 0 4  b es ides  the  
b ina ry  oxides  observed in s e p a r a t e  samples (Table 1 and F ig .  4 ) .
Although th e  peaks due to  NdHo0 2 + a re  expected  to  ove r lap  with th e  upper 
end of th e  peak c l u s t e r  due to  ^ 2 )̂3 , a comparison of th e  observed and
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c a l c u l a t e d  i n t e n s i t y  p a t t e r n s  does not sugges t  i n t e r f e r e n c e  from NdHoC^* 
peaks in th e  a rea  m/z=339-347. The L a ^ C ^ ^ n H g O / Y t ^ N C ^ ^ 'S ^ O  sample 
gave th e  t e r n a r y  oxides  LaYbC^, I^YbC^ and LaYb2 0 4  in a d d i t i o n  t o  the  
b inary  oxides (Table 1) showing s a t i s f a c t o r y  c a l c u l a t e d  and observed 
i s o t o p i c  p a t t e r n s ,  and LaYbC^ with a poor ly  de f ined  i n t e n s i t y  p a t t e r n .
The Y2 L(N0 3 ) 3 ( 0 H)/Tm2 L(N0 3 ) 4 *2 H2 0  m ix tu re  extended th e  types  of 
t e r n a r y  oxide sp ec ie s  d e t e c t e d .  Because of s i m i l a r i t i e s  in the  
chem is t ry  of Y^+ and Tm^+ and t h e i r  monoiso topic  n a t u r e ,  a s t a t i s t i c a l  
combinat ion of Tm and Y, e . g .  Y3 0 4+ , Y2 Tm0 4 + , YTrn2®4+ » Tm3 ^ 4 + » Y406+ » 
Y3 Tm0 6+ , Y2 Tm2 0 5 + Y^Og"*" and Tm4 0 5 + accounts  f o r  a l l  th e  major peaks 
ob se rv ed .  The value m/z=612 f o r  the  s p e c ie s  Y2 Tm2 0 g+ corresponds  to  
Tm3 0 ( g l y ) + as w e l l ,  so peaks due to  t h e s e  s p e c i e s ,  which a re  i n t e n s e ,  
a re  expected to  o v e r l a p .  A ddi t iona l  t e r n a r y  oxides  observed a r e :  Y4T1T1O7, 
Y 3 T m 2 0 y ,  Y 2 T m 3 0 y ,  Y T n ^ O y ,  Y g T m O g ,  Y 4 T m 2 0 g ,  Y 3 T m 3 0 g ,  Y 2 T m 4 0 g  and Y T m g O g ,  
a l l  of which e x h i b i t  c a l c u l a t e d  and observed  m/z values  w i th in  a mass 
u n i t  of each o t h e r .
The Gd/Al mix ture  a f fo rd ed  th e  s p ec ie s  Gd+ , GdO+ , Gd2 0 2 + » Gd2 0 3 + 
and Gd3 0 4 +. No evidence  of b ina ry  or t e r n a r y  aluminium oxide  fo rmation  
was d i s c e r n i b l e  in th e  c a l i b r a t i o n  range s t u d i e d .
The mix tu re  of Gd(N0 3 ) 3 »5 H2 0 /Ga(N0 3 ) 3 »nH2 0  gave th e  ga l l ium  
hydroxide  Ga(0 H) 2  a t  m/z=103,105, ( l i g h t e r  s p e c ie s  Ga+ , GaO+ being out 
of our c a l i b r a t i o n  range) as well as th e  gadolin ium s p e c i e s :  Gd+, GdO+ , 
Gd(0H)2+ , Gd2 0 2 + » Gd2 C>3 + and Gd3 C>4 + . In a d d i t i o n  to  t h e s e  o x id e s ,  the  
t e r n a r y  oxide s p ec ie s  GdGaC^ (F ig .  5) showed a good c a l c u l a t e d  and 
observed i n t e n s i t y  p a t t e r n .  The t e r n a r y  oxides  GdGaC^ and Gd2 Ga0 4  show 
peak c l u s t e r s  a t  th e  c o r r e c t  p o s i t i o n s  but th e  c l u s t e r s  a re  of poorly  
matched c a l c u l a t e d  and observed i n t e n s i t y  p a t t e r n s .
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The E r / In  and Yb/In m ix tu res  gave only In+ , Ln+ , LnO+ and Ln(0 H)2 + 
s p e c i e s .  No InO+ s p ec ie s  was d e tec te d  d e s p i t e  an i n t e n s e  In+ peak and 
no p o ly la n th a n id e  oxide  s p e c ie s  were d e t e c t e d  e i t h e r .
DISCUSSION
The exper iments  d e sc r ib e d  above have revea led  a c c e s s i b i l i t y  of a 
v a r i e t y  of  novel gaseous polyatomic  l a n th a n id e  oxides  a t  r e l a t i v e l y  low 
t e m p e r a t u r e s .  These oxides  a re  a v a i l a b l e  from many compounds c o n ta in in g  
th e  r a r e  e a r t h s ,  f o r  example condensed systems (such as o x i d e s ) ,  simple  
s a l t s  and complexes such as th o se  of the  l igand  L. S ince  mass 
s p e c t r o m e t r i c  t e ch n iq u es  employing l a r g e  i o n i z a t i o n  e n e r g ie s  have not 
y i e l d e d  th e se  heavy polyatomic  gaseous oxides  even in cases  where a 
v a r i a b l e  oxygen atmosphere was used,*® use of low e n e r g i e s  such as those  
a f fo rd e d  by FAB MS seems to  be e s s e n t i a l  f o r  the  p r e p a r a t io n  of th e se  
oxo c l u s t e r s .  This i s  suppor ted  by the  o b se r v a t io n  t h a t  in c re a se d  
i o n i z a t i o n  tem pera tu re  reduced the  oxide to  metal ion r a t i o  (NdO+/Nd+ ) 
of a n i t r a t e  sample.^®
The apparen t  i n a b i l i t y  of samarium to  form th e  oxides  i s  d i f f i c u l t  
t o  e x p l a i n .  Perhaps t h e r e  w i l l  be an e x p la n a t io n  when more l i g h t  i s  
shed on th e  mechanism and type  of chem is t ry  involved in the  condensa t ion  
p rocess  l e ad ing  t o  t h e  polyatomic  o x id e s .  The dominance of th e  2+ 
o x id a t io n  s t a t e  in europium o x id e s ,  which i s  in good agreement with the  
l a r g e  E°(Eu®+/Eu^+ ) value  of -0 .35V, [compared t o  E°(Ln®+/Ln^+ )=- 
2.8V(Nd),  -4 .9V (G d)]^*’^ ,  and the  l im i t e d  occur rence  of the  4+ 
o x id a t io n  s t a t e  in cerium oxides  sugges t  t h a t  r e d u c t iv e  p rocesses  a re  
s i g n i f i c a n t  in the  mechanism by which th e  polyatomic oxides  a re  
formed. This i s  suppor ted  by th e  r e s u l t s  ob ta ined  from exper im ents
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employing group IIIB e lem en ts .  The redox p o t e n t i a l s  E°(Ga3 +/Ga®)=-0.53V 
and E ° ( I n 3 +/In^)=-0 .34V a re  r a t h e r  comparable t o  E°(Eu 3 +/E u 3 + )=-0.35V
pi
and s ince  Eu f e a t u r e s  prominently  in the  observed dominant homologous
s e r i e s  EunOn+ f o r  Eu3+ samples ,  a d i f f e r e n t  chemistry  i s  expected of
M3 + (M=Ga, In) s p e c i a t i o n  in FAB MS. Indeed ,  Ga3+ y i e ld e d  Ga(0H)2+ as
th e  h e a v ie s t  s i n g l e  metal component sp ec ie s  but d e s p i t e  i t s  i n a b i l i t y  to
0 +
form po lyga l l ium  oxides  i t  couples  with Gd t o  y i e l d  th e  t e r n a r y  oxides
GdGa02+ , GdGa03+ and Gd2 Ga04+. The d e c i s i v e  in f l u e n c e  of
g a d o l in iu m ( I I I )  chemistry  on g a l l i u m ( I I I )  i s  t h e r e f o r e  l i k e l y  to  be a
key f e a t u r e  of the  p rocess  l ead ing  t o  t h e se  t e r n a r y  o x id e s .  I n d iu m (I I I )
with  a r a t h e r  l a r g e r  E ° ( In 3 +/ I n ° )  va lue  i s  unable to  form any indium
oxides  and i t  somehow a l s o  i n h i b i t s  th e  format ion  of p o ly la n th a n id e
o x id e s .  Experiments a re  planned to  exp lo re  the  manner in which t h i s
i n h i b i t o r y  e f f e c t  of  indium towards p o ly la n th a n id e  oxide fo rmat ion
o c c u r s .  Aluminium with a much lower E°(A13 +/A1®) = -1.66V does not form
polyaluminium oxides ( to  be found in  our c a l i b r a t i o n  range) or t e r n a r y
oxides  with ra re  e a r t h s ,  but n e i t h e r  does i t  i n h i b i t  the  formation of
p o ly la n th a n id e  o x id e s .  I t  w i l l  be i n t e r e s t i n g  to  see how t r i v a l e n t  d-
block elements and d i v a l e n t  s -b lock  e lements  behave in th e  FAB MS when
coupled to  l a n t h a n i d e s .  FAB MS exper im ents  d i r e c t e d  t o  d- and s -b lo ck
e lements  a re  p lanned .
The s o l id  compound Eu3 0 4  i s  known but s i m i l a r  compounds of o th e r
9 1r a r e  e a r t h s  a re  unknown. Under th e  FAB MS c o n d i t io n s  th e  gaseous 
Ln3 0 4  compounds a re  formed by a l l  r a r e  e a r t h s  except europium which 
p r e f e r s  a f u r t h e r  reduced oxide Eu3 03 .
We do not have e x p lan a t io n  f o r  th e  absence of Ln(0H)2+ s p ec ie s  in 
samples of samarium, europium, and y t t e r b iu m  or t h e i r  mix tures  with
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o t h e r  r a r e  e a r th  samples ,  but i t  i s  i n t e r e s t i n g  t o  note  t h a t  th e se  
elements  have r e l a t i v e l y  low E°(Ln^+/L n2+) , -0.35V (Ln=Eu), -1.1V 
(Ln=Yb) and -1.5V (Ln=Sm) compared to  va lues  of -2 t o  about - 4 V for  
o th e r  r a r e  e a r t h s .
The s i g n i f i c a n c e  of th e  prominence of th e  i n t e n s i t y ,  hence r e l a t i v e  
abundance,  of y t t r i u m  oxides  c o n ta i n in g  odd numbers of y t t r i u m  atoms 
compared to  those  oxides with even numbers of y t t r i u m  atoms i s  a l so  not 
c l e a r .  This behav ior  i s  not  shown in lanthanum and holmium oxides  as 
e x p l i c i t l y  as i t  i s  in y t t r i u m  o x id e s .  Whether t h i s  d i f f e r e n c e  in 
behav ior  i s  of s t r u c t u r a l ,  thermodynamic or  k i n e t i c  importance to  the  
p o ly la n th a n id e  oxide fo rmation  p rocess  w i l l  be i n v e s t i g a t e d .
In exper iments  in  which double component oxides  were ob ta ined  both 
g lycero l  s o lu b le  and i n s o l u b l e  mix tures  were used .  In t h e  case  of 
g lyce ro l  i n s o l u b l e  mix tures  t h e  c a t i o n s  were t rapped  in d i f f e r e n t  
m a t r i c e s :  t h e r e f o r e  th e  s u cc e ss fu l  fo rmat ion  of the  t e r n a r y  oxides  from 
such systems i s  an i n d i c a t i o n  t h a t  condensa t ions  l ead ing  t o  
p o ly la n th a n id e  oxides  t ake  p lace  a f t e r  the  metal ions  have l e f t  t h e i r  
o r i g i n a l  environments ,  p robably  a t  t h e  s u r f a c e  of the  s p u t t e r e d  
p a r t i c u l a t e s ,  and /o r  in the  gas phase .  The n a tu re  of p roduc ts  formed 
a re  as s t a t i s t i c a l l y  expec ted  and in  accord with th e  chemis t ry  of the  
two e lem en ts ,  so t h a t  the  s p ec ie s  CeEu02+ was formed in th e  same manner 
t h a t  the  corresponding  Ce2 02+ and Eu2 02+ s p ec ie s  were formed from 
s e p a r a t e  cerium and europium compounds, whereas CeEu0 3 + was not 
observed .  Although such a speces  i s  favored  by cer ium, as in Ce2 0 3 + , i t  
i s  not favored by europium, which did  not form the  Eu2 0 3 + s p e c i e s .  Also 
th e  gaseous oxide s p ec ie s  Ce2 Eu0 4 + and CeEu2 0 3 + were formed in good 
agreement with the  occur rence  of both Ce3 0 ^+ and Eu3 C>3 + from s e p a ra te
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cerium and europium samples ,  showing r e s p e c t i v e l y ,  the  dominant 
i n f l u e n c e  of the  major m e t a l l i c  component on th e  n a tu re  of the  t e r n a r y  
oxide  formed. C o n s i s t e n t  with t h i s ,  Ce2 Eu0 3 + was not observed even 
though i t  might have been expec ted  from th e  chemical behav ior  of 
europium (Table 1 ) ,  but i t  i s  not favored  by cerium which would be the  
major m e t a l l i c  component. The region in which th e  peaks due to  Eu3 0 3+ 
and CeEu2 0 4 + a re  expected i s  too  c l u t t e r e d .  Thus,  th e  q u a r t e t  due to  
^u 3 ^ 3 + expec ted  in  th e  reg ion  m/z=501-507, whereas the  q u a r t e t  due to  
CeEu2 0 4 + i s  expected t o  be found in t h e  m/z=506-512 re g io n ;  and th e r e  
a re  peaks in th e  whole reg ion  m/z=501-514, but th e  observed p a t t e r n  
cannot be d i s e n t a n g le d  t o  f i t  well t h e  double q u a r t e t  p a t t e r n .  Since 
t h e r e  a re  peaks in t h i s  region i t  i s  not prudent t o  conclude t h a t  the  
sp e c ie s  CeEu2 0 4 + did  not form. However, i f  i t  did form, then cerium 
must have in f lu e n c e d  th e  chemical behav io r  of europium and t h i s  may have 
i n t e r e s t i n g  im p l i c a t io n s  f o r  the  study and a p p l i c a t i o n s  of t h e se  
m a t e r i a l s ;  but i f  i t  did not form then the  chem is t ry  of europium was 
d e c i s i v e  and c o n s i s t e n t  with o th e r  o b s e r v a t i o n s .  The double component 
oxides  formed when lanthanum and y t t e rb iu m  or neodymium and holmium are  
c o u p led ,  a re  a l so  c o n s i s t e n t  with the  chem is t ry  of th e  coupled r a re  
e a r t h  e lements  (Table 1 ) .
We now t e n t a t i v e l y  propose t h a t  once process  (1) has been 
i n i t i a t e d ,  a s e r i e s  of rap id  r e d u c t iv e  condensa t ions  fo l low  lead in g  to  
t h e  v a r i e t y  of polyatomic gaseous ox ides  we have observed .
F 3 £*fc + +
( g l y c e r o l )  + l a n th a n id e  compound " l ( e ™ i i t o m s " >  L n  +  L n ^  ................................... ( * )
( g ly c e ro l  o r  water i s  needed i f  th e  coun te r  anion does not co n ta in  oxygen)
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I l l u s t r a t i n g  t h i s  conc lus ion  with some of t h e  e lementary  p rocesses  which 
may lead to  b inary  and double  component oxides  of cerium and europium we
have:
2 Ce0+ + e “ > C e ^  .......................................... . . . . ( 2 )
Ce0+ + Ce02+ + e"-------- > Ce2 0 3  .......................................... (3)
Eu0+ +  Eu+ +  e" --------------> E u 2 0+  ...................................................................(4)
2 EUO 6  ^ EU 2 ^
Ce0+ + Eu0+ + e"---------> CeEu02+ ....................................... ( 6 )
Ce02+ + Eu+ + e"---------> CeEu02+ ....................................... (7)
Ce2 0 3+ + Ce0+ + e" -------- > Ce3 04+ .................................... ( 8 )
Ce2 0 2+ + Ce02+ + e" > Ce3 04+ ................................. (9)
E u 2 02 +  + Eu0+ + e~ ---------- > E u 3 03 +  ................................... (10)
Ce2 0 3+ + EuO+ + e"-------- > Ce2 Eu04+ ................................ (11)
CeO+ + Eu2 02+ + e"-------- > CeEu2 03+ ................................ (12)
Such a mechanism can e x p la in  why l a rg e  oxo c l u s t e r s ,  e . g .  GdgO^, 
have poorly  de f ined  i n t e n s i t i e s ,  s in ce  a l a rg e  number of r e a c t i o n s  
invo lv ing  d i f f e r e n t  i s o to p e s  has to  occur t o  lead  to  a well def ined  
i s o t o p i c  p a t t e r n .
Besides shedding some l i g h t  on th e  p o s s i b l e  condensa t ion  mechanism, 
th e  coupling exper iments  have demonstrated  th e  p o s s i b i l i t y  of p rep a r in g  
gaseous polyatomic  multicomponent oxides  the reby  e n la r g in g  enormously
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th e  range of p o s s i b l e  ox ides  t h a t  a re  a c c e s s i b l e  a t  r e l a t i v e l y  low 
te m p e r a t u r e .  I f  t h i s  i s  found t o  be more general  so t h a t  l a n th a n id e s  
can be coupled with more p- and d -b lock  elements  the  s c i e n t i f i c  and 
te c h n o l o g ic a l  p o t e n t i a l  of th e  gas phase l a n th a n id e  oxide system may be 
v a s t .  This optimism i s  r e i n f o r c e d  by th e  unusual o x id a t io n  s t a t e s  of 
l a n th a n id e s  a s s o c i a t e d  with some of t h e  ox ides  e . g .  LngO^, Ln^Og, LngOg, 
Ln5 0y ,  Ln5 0 g ,  LnyOjQ, LngO^ and LngO^g (Table 1 ) ,  evoking the  
p o s s i b i l i t y  t h a t  t h e r e  may be some d i r e c t  Ln-Ln bonding.
CONCLUSION
Although t h e r e  a re  seve ra l  im por tan t  exper iments  t h a t  need to  be 
done to  shed more l i g h t  on th e  gaseous l a n th a n id e  oxide sys tem s ,  th e  
exper iments  we have d e sc r ib e d  have shown t h a t  i n t e r e s t i n g  b ina ry  and 
t e r n a r y  l a n th a n id e  and l a n t h a n id e - p - b lo c k  element oxides  in the  gas 
phase a re  a c c e s s i b l e  a t  r e l a t i v e l y  low tem p era tu res  and t h a t  the  
p roce sses  le ad in g  t o  t h e i r  fo rm at ion  most probably  occur  among s p e c ie s  
p r e s e n t  on or near  th e  s u r f a c e s  of s p u t t e r e d  p a r t i c u l a t e s  or  in the  gas 
phase .  The unusual o x id a t io n  s t a t e s  a s s o c i a t e d  with  some of t h e  o x id e s ,  
t h e  demonst ra ted  p o s s i b i l i t y  of s y n th e s i z in g  multicomponent oxide 
systems in  th e  gas phase as well as th e  ch a l l en g e  of t r a p p i n g  and 
c h a r a c t e r i z i n g  th e  observed o x id e s ,  should make i n v e s t i g a t i o n  of gaseous 
l a n th a n id e  oxides  more a t t r a c t i v e .
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Table l :Gaseous lan th a n id e  c a t io n s  and polyatom ic ox ides  d e te c te d  ty  FAB MS.
Blank=out of c a l i b r a t i o n  range;  /=observed  and c a lc u l a t e d  i s o to p ic  i n t e n s i t y  
p a t t e r n  matched w e l l ;  X=observed and c a lc u l a t e d  i s o to p ic  i n t e n s i t y  p a t t e r n  
matched u n s a t i s f a c t o r i l y ;  -  =no peak ( c l u s t e r i n g )  was observed f o r  th e  s p e c ie s .
Gaseous
S pecies
O xidation  
S ta te  of 
Ln La Ce Pr Nd Sm Eu Gd Dy Ho Er Yb Y
Ln+ 0 / / / X / / / ✓ ✓ ✓
LnO+ 2 / ✓ ✓ / ✓ / / / / /
Ln02+ 4 - ✓ - - - - - - - - -
Ln(0H)2+ 2 / / ✓ / - - / ✓ - /
Ln20+ 1 - - - - X / - - - - - -
Ln20 2 2 / ✓ / ✓ X / / / / / / -
Ln2°3+ 3 ✓ ✓ ✓ / - - ✓ ✓ ✓ / /
Ln303+ 2 - - - - - ✓ - - - - - -
Ln3°4+ 2 2/3 / ✓ / X - ✓ / ✓ / / /
Ln4°4+ 2 - - - - - ✓ - - - - / -
Ln4°5+ 2 1/2 - - - - - - ✓ - - - - ✓
Ln406+ 3 ✓ ✓ ✓ / - - ✓ / / X - ✓
Ln5°6 2 2/5 ✓ - - - - - - - - - - /
Ln507+ 2 4/5 / ✓ / - - X X ✓ - - ✓
Ln5°8+ 3 1/5 / - - - - - - - - - - ✓
Ln608+ 2 2 /3 / ✓ - - - X - ✓ - - ✓
Ln6°9+ 3 ✓ - ✓ - - - X - / - - ✓
Ln7°10+ 2 6 /7 / - / - - - X - ✓ - - /
Ln8 ° l l + 2 3/4 - - - - - - - - - - - ✓
Ln8°12+ 3 ✓ - - - - - X - / - - -
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Fig. 1 Isotopic patterns for a ser ies  of gaseous species of
gadolinium as found by FAB MS of the GdgHNOg^-ZHgO complex 
in g lycerol.  The peak in te n s i t ie s  in each fraction  of the 
mass spectrum are nomalized to  the most intense peak in th a t  
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Fig. 2 The average FAB MS spectrum of YgUNOo^OH) in
DMSO/glycerol. Peaks at m/z greater than 400 have 
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3 Isotopic patterns for the gaseous double component oxides of 
cerium and europium as found in FAB MS of a mixture of 
Ce2L(N0o)4 and Eu£L(N03)4 «2Ho0 in g lycerol.  Upper l in e s ,  
observed; lower l in e s ,  ca lculated .
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Fig. 4 Isotopic patterns of ternary neodymium-holmium oxides 
obtained from FAB MS of a mixture of LngLlNOj^OH^
(Ln=Nd,Ho) complexes in g lycero l,  
lower l in e s ,  calculated .
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Fig. 5 Isotopic patterns of ternary gadolinium gallium oxides
generated from a mixture of gadolinium and gallium nitrates  
in g lycero l .  Upper l in e s ,  observed; lower l in e s ,  calculated.
132
2 . 3 .  R e f e r e n c e s
1 .  E. W. M u l l e r ,  E r  g e b n i s s e d e r_________ E x a k t
N a t u r w i s s e n s c h a f t e n  ~27t 290 ( 1 9 5 3  ) .
2 .  H. D. B e c k e y ,  " P r i n c i p l e s  o f  F i e l d  I o n i z a t i o n  and
F i e l d  D e s o r p t i o n  Mass  S p e c t r o m e t r y , "  P e r g a m o n ,  
O x f o r d  1 9 7 7 .
3 .  W. D. R e y n o l d s ,  A n a l . Chem.  5 1 , A283 ( 1 9 7 9  ) .
4 .  R.  C a s t a i n g ;  B.  S o l d z i a n ,  J .  M i c r o s c o p i e  1 ,  395
( 1 9 6 2 ) .
5 .  I .  K a t a k u s e ;  H.  N a k a b u s h i ;  T.  I c h i h a r a ,  I n t .  J .
Mass  S p e c t r o m .  I on  P r o c .  5 7 ,  239 ( 1 9 8 4 ) .
6 . G.  M. L a n c a s t e r ;  F.  Ho n d a ;  Y.  F u k u d a ;  J .  W.
R a b a l a i s ,  J .  Am. Chem.  S o c .  1 0 1 ,  1951 ( 1 9 7 9 ) .
7 .  M. A.  P o s t h u m u s ;  P.  G.  K i s t e m a k e r ;  H. L.  C.  
M u e z e l a a r ,  A n a l .  Chem.  5 0 ,  985 ( 1 9 7 8 ) .
8 . R.  D.  M a c F a r l a n e ;  R. D. T o r g e r s o n ,  S c i e n c e  1 9 1 ,  920 
( 1 9 7 6 ) .
9 .  M. B a r b e r ;  R.  S.  B a r d o l i ;  R.  D.  S e d g w i c k ;  A.  N.
T y l e r ,  J .  Chem.  S o c .  Chem.  Comm. ,  325 ( 1 9 8 1 ) .
1 0 .  M. A.  B a l d w i n ;  C.  J .  P r o c t o r ;  I .  J .  A m s t e r ;  F.  W.
M c L a f f e r t y ,  I n t .  J .  Mass  S p e c t r o m .  I on  P r o c .  5 4 ,  97 
( 1 9 8 3 ) .
1 1 .  C.  J a v a n a u d ;  J .  E a g l e s ,  Or g .  Mass  S p e c t r o m .  1 8 ,  93 
( 1 9 8 3 ) .
1 2 .  A. M. Buko ;  L.  R.  P h i l l i p s ;  B.  A. F r a s e r ,  Bi o m e d .
Mass  S p e c t r o m .  1 0 ,  324 ( 1 9 8 3 ) .
1 3 .  A.  M. Buko ;  L.  R.  P h i l l i p s ;  B.  A.  F r a s e r ,  Bi o m e d .
Mass  S p e c t r o m .  1 0 , 387 ( 1 9 8 3 ) .
1 4 .  M. B a r b e r ;  R.  S.  B a r d o l i ;  G.  J .  E l l i o t ;  R.  D.
S e d g w i c k ;  A. N. T y l e r ,  A n a l .  Che m. 5 4 ,  645A ( 1 9 8 2 ) .
1 5 .  D.  H.  W i l l i a m s ;  C.  B r a d l e y ;  G.  B o j e s e n :  S.
S a n t i k a r n ;  L.  C.  E.  T a y l o r ,  J .  Am. Chem.  S o c .  1 0 3 ,  
5 7 0 0  ( 1 9 8 1 ) .
133
1 6 .  T.  Ma t s u o ;  T.  S a k u r a i ;  H. M a t s u d a ;  M. M a t s u g i ;  M.
I k e h a r a ;  T.  K o b a y a s h i k i ;  Y.  Ka mme i ; E.  K u b o t a ,  i n  
" 3 4 t h  An n u a l  C o n f e r e n c e  on Mas s  S p e c t r o m e t r y  and  
A l l i e d  T o p i c s , "  J u n e  1 9 8 6 ,  C i n c i n n a t i ,  O h i o ,  C.  N. 
McEwen,  E d i t o r ,  pp .  3 2 9 ;  and o t h e r  p a p e r s  a p p e a r i n g  
i n  t h e s e  p r o c e e d i n g s .
1 7 .  D. D.  F e t t e l o l f ;  B.  L.  La ws o n ;  D. J .  Hoch ;  T.  C.
T i n k e r t o n ,  J .  R a d i o a n a l .  N u c l .  Chem.  L e t t e r s  9 4 ,  63
( 1 9 8 5 ) .
1 8 .  R.  D a v i s ;  I .  F.  G r o v e s ;  L.  A. D u r r a n t ;  P.  B r o o k s ;
I .  L e w i s ,  J .  O r g a n o m e t .  Chem.  2 4 1 ,  C27 ,  1 9 8 3 .
1 9 .  R. A. W. J o h n s t o n ;  I .  A. S.  L e w i s ;  M. E.  R o s e ,
T e t r a h e d r o n  3 9 ,  1597 ( 1 9 8 3 ) .
CHAPTER 3
NEW LANTHANIDE OXALATO COMPLEXES
3 . 1 .  I n t r o d u c t i o n
L a n t h a n i d e  c a t i o n s  c a n  be p r e c i p i t a t e d  q u a n t i t a t i v e l y  
f r o m a c i d i c  a q u e o u s  s o l u t i o n s  by o x a l i c  a c i d  [ 1 - 4 ] .  The
o x a l a t e s  o b t a i n e d  a r e  v e r s a t i l e  p r e c u r s o r s  f o r  ( a )  s u r f a c e  
a c t i v e  o x i d e  s y s t e m s  o f  c a t a l y t i c  v a l u e  [ 1 , 2 , 4 - 8 ] ,  ( b )  
p e r o v s k i t e s  w i t h  o p t i c a l ,  m a g n e t i c  and  e l e c t r i c a l
p r o p e r t i e s  i m p o r t a n t  t o  t h e  e l e c t r o n i c  i n d u s t r y  [ 9 - 1 2 ] ,  
( c )  g a r n e t s  w i t h  m a g n e t i c  p r o p e r t i e s  d e s i r a b l e  f o r  t h e  
f a b r i c a t i o n  o f  i n f o r m a t i o n  s t o r a g e  s y s t e m s  [ 1 3 ] ,  ( d )  
g a r n e t s  w i t h  s u p e r i o r  o p t i c a l ,  m e c h a n i c a l  and t h e r m a l  
q u a l i t i e s  e s s e n t i a l  f o r  l a s e r  s y s t e m s  [ 1 6 - 1 7 ] ,  and ( e )
v a r i o u s  o x i d e  s y s t e m s  u s e d  i n  c o l o r  t e l e v i s i o n  s c r e e n s  
[ 1 8 , 1 9 ] ,  l amp [ 2 0 , 2 1 ]  and x - r a y  [ 2 2 ]  p h o s p h o r s .
E x a mp l e s  o f  t h e  a p p l i c a t i o n  o f  r a r e  e a r t h  o x i d e s  i n 
h e t e r o g e n e o u s  c a t a l y s i s  i n c l u d e  c a r b o n  m o n o x i d e - h y d r o g e n  
r e a c t i o n s  ( S y n - g a s )  [ 2 3 ] ,  d e h y d r a t i o n  and  d e h y d r o g e n a t i o n  
o f  a l c h o h o l s  by L a 2 0 3 , Nd 2 0 3 , Yb 3 0 3 , P r 4 0 7  [ 2 4 ] ,  and
o l e f i n i c  d o u b l e  bond i s o m e r i z a t i o n ,  e . g . ,  1 - b u t e n e  t o  2 - 
( c i s / t r a n s  b u t e n e )  by L a 2 0 3 , C e 0 2 , Y2 0 3  [ 2 5 - 2 8 ] .  In
m u l t i c o m p o n e n t  c a t a l y s t  s y s t e m s ,  l a n t h a n i d e  o x i d e s  e x h i b i t  
good c a t a l y t i c  s u p p o r t  p r o p e r t i e s  f o r  ( a )  t r a n s i t i o n  m e t a l
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c o m p l e x e s ,  e . g .  La 2 0 3  f o r  Rh 4 ( C 0 ) 1 2  i n  t h e  h y d r o g e n a t i o n  of  
c a r b o n  m o n o x i d e  [ 2 9 - 3 1 1 ,  and ( b )  t r a n s i t i o n  m e t a l s ,  e . g .  
L a 2 0 3  f o r  m e t a l l i c  n i c k e l  i n  m e t h a n a t i o n  p r o c e s s e s  
[ 3 2 , 3 3  ] ,  P e r o v s k i t e s  s u c h  as  LnAl Og [ 3 4 ]  and Ln Co 0 3  
[ 3 5 , 3 6 ]  a r e  good c a t a l y t i c  c o n v e r t e r s  o f  h y d r o c a r b o n s ,  
c a r b o n  m o n o x i d e  a nd  h y d r o g e n  t o  c a r b o n  d i o x i d e  and 
w a t e r  w h i l e  La x P b j _ x Mn0 3  [ 3 7 ( a ) ]  h a s  r e d u c i n g  a c t i v i t y  
t o w a r d s  n i t r i c  o x i d e s  ( NO x ) and L a g >5 Co 0 3  t o w a r d s  
S 0 2  [ 3 7 ( b ) ] .  T h e s e  p e r o v s k i t e s  a r e  t h e r e f o r e  a t t r a c t i v e  i n  
a u t o m o b i l e  and  d i e s e l  e x h a u s t  e m i s s i o n  c o n t r o l  [ 3 4 - 3 7 ] .  
The  i m p o r t a n c e  o f  l a n t h a n i d e  o x i d e s  i n  s t a b i l i z i n g  t h e  
s t r u c t u r e  o f  c r a c k i n g  z e o l i t e s  and m a i n t a i n i n g  d e s i r a b l e  
h y d r o g e n  t r a n s f e r  c h a r a c t e r i s t i c s  a r e  w e l l  e s t a b l i s h e d  i n  
t h e  p e t r o l e u m  r e f i n i n g  i n d u s t r y  [ 3 8 ] .
I n  t h e  e l e c t r o n i c  i n d u s t r y ,  t h e  c o mp l e x  f e r r o e l e c t r i c  
p e r o v s k i t e s  w i t h  t h e  g e n e r a l  f o r m u l a e  B a i _ x Ln x T i x + T l l - x ° 3  
[ 1 1 ]  and  p b 1 _ x L n x ( Z r y  T i j  ) 1 -  0 3  ( PLZT)  [ 1 2 ]  owe much
o f  t h e i r  s e m i c o n d u c t o r ,  c a p a c i t o r  and e l e c t r o - o p t i c a l  
v e r s a t i l i t y  t o  t h e  p r e s e n c e  o f  l a n t h a n i d e  c a t i o n s .  The 
g a r n e t  Gd 3 Ga 5°  12 f o r m s  l a r g e  ( mo r e  t h a n  1 0  kg)  a n i s o t r o p i c  
s i n g l e  c r y s t a l s  wh i c h  a r e  good s u b s t r a t e s  f o r  t h e  mor e  
c o mp l e x  m a g n e t i c  g a r n e t s  e . g .  Yj 2 gLng 4 5 ZnQ ^Cag  g F e 4   ̂
Geg g O ^  w h i c h  f o r m good  b u b b l e  d o ma i n  memor y d e v i c e s  
[ 1 3 - 1 5 ] .  E u r o p i u m  ( E u ^ + ) d o p e d  i n  Y2 O3  [ 1 8 , 1 9 ]  i s  n o t a b l e  
i n  t h e  c o l o r  t e l e v i s i o n  i n d u s t r y  and i n  d a t a  d i s p l a y  u n i t s
e m p l o y i n g  c a t h o d e  r a y  t u b e s  a s  t h e  s o u r c e  o f  t h e  r e d  
c o l o r .
The  g a r n e t  YsAlcjOj^ p o s s e s s e s  p h y s i c a l  f e a t u r e s  s u c h
a s  t h e  a b i l i t y  t o  f o r m l a r g e  t r a n s p a r e n t  s i n g l e  c r y s t a l s ,  
w h i c h  a r e  v e r y  h a r d ,  o p t i c a l l y  i s o t r o p i c ,  r e s i s t a n t  t o
d a ma g e  by l a s e r - i n d u c e d  e l e c t r i c  b r e a k d o w n ,  and h a v e  good 
t  h e r ma l  c o n d u c t i v i t y  and  l ow s t r e s s - o p t i c  c o e f f i c i e n t s  
[ 1 6 , 1 7 ] .  T h e s e  e x c e l l e n t  q u a l i t i e s  h a v e  made i t  a p r i m e
h o s t  o f  l a s i n g  l a n t h a n i d e  c a t i o n s  ( e s p e c i a l l y  Nd3 + , as  i n  
t h e  Nd:YAG l a s e r )  w h i c h  s u b s t i t u t e  f o r  Y3+ w i t h o u t  n e ed  o f  
c h a r g e  c o m p e n s a t i o n  [ 1 6 , 1 7 ] ,  C h a r g e  c o m p e n s a t i o n
o j. 3  +
i n t r o d u c e s  v a c a n t  s i t e s  a t  Y o r  A1 p o s i t i o n s  wh i c h  
c o u l d  a l t e r  t h e  m e c h a n i c a l ,  o p t i c a l  and  t h e r m a l
c h a r a c t e r i s t i c s  o f  t h e  h o s t  c r y s t a l .
A l t h o u g h  m o s t  o f  t h e  m u l t i c o m p o n e n t  o x i d e  s y s t e m s  h a v e  
b e e n  s u c c e s s f u l l y  p r e p a r e d  by s i n t e r i n g  m i x t u r e s  o f
i n d i v i d u a l  o x i d e s ,  some s u p e r i o r  m a t e r i a l s  h a v e  been  
o b t a i n e d  by t h e  t h e r m a l  t r e a t m e n t  o f  c o p r e c i p i t a t e d
c o m p l e x e s  s u c h  as  g l u c o n a t e s ,  h y d r o x i d e s  and o x a l a t e s .  F o r
e x a m p l e ,  t h e  PLZT p e r o v s k i t e  h a v i n g  t h e  d e s i r a b l e
f e r r o e l e c t r i c  q u a l i t i e s  c a n n o t  be p r e p a r e d  by s i n t e r i n g  
l a n t h a n u m ,  l e a d ,  z i r c o n i u m  and t i t a n i u m  o x i d e s  [ 1 2 ] .  
S u c h  a p r o c e d u r e  l e a d s  t o  p r o d u c t s  w h i c h  a r e  n o t  c h e m i c a l l y  
and o p t i c a l l y  h o mo g e n e o u s  and a r e  t h e r e f o r e  u s e l e s s .
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I n s t e a d  a s p e c i a l  t e c h n i q u e  i n v o l v i n g  s l o w  h y d r o l y s i s  
o f  z i r c o n i u m  and t i t a n i u m  o r g a n o m e t a l  1 i c s  b l e n d e d  i n  l e a d  
o x i d e  by a q u e o u s  l a n t h a n u m  a c e t a t e  y i e l d s  t h e  s t a r t i n g  
mi x e d  h y d r o x i d e  s y s t e m  w h i c h  when h e a t e d  and s i n t e r e d  
p r o v i d e s  t h e  PLZT p e r o v s k i t e  w i t h  t h e  r e q u i r e d  c h e m i c a l  a nd  
o p t i c a l  h o m o g e n e i t y  [ 3 9 ] .  R e c e n t  s t u d i e s  h a v e  r e v e a l e d  
t h a t  t h e  t h e r m a l  d e c o m p o s i t i o n  and s i n t e r i n g  o f  a mi x e d  
o x a l a t e  o f  l a n t h a n u m ,  l e a d ,  z i r c o n i u m ,  and t i t a n i u m  y i e l d s  
t h e  d e s i r e d  PLZT p e r o v s k i t e  [ 9 , 1 0 ] .  C h e m i c a l  h o m o g e n e i t y  
i s  v e r y  c r i t i c a l  h e r e  b e c a u s e  f e r r o e l e c t r i c i t y  d e p e n d s  v e r y  
much on t h e  c r y s t a l  s t r u c t u r e  wh i c h  i s  i n  t u r n  l i n k e d  t o  
c h e m i c a l  c o m p o s i t i o n .  F o r  i n s t a n c e ,  a t  room t e m p e r a t u r e  
and  c o m p o s i t i o n  65% P b Z r 0 3  and 35% P b T i 0 3 , a c o n c e n t r a t i o n
O +
o f  9 . 5  a t o m % La r e d u c e s  t h e  f e r r o e l e c t r i c  r h o m b o h e d r a l  
p h a s e  t o  n o n - f e r r o e l e c t r i c  c u b i c  p h a s e  t r a n s i t i o n  ( C u r i e  
t e m p e r a t u r e )  t o  b e l o w  room t e m p e r a t u r e  [ 1 2 ] .  T h e r e  a r e  
a l s o  o t h e r  p h a s e s :  a n t i f e r r o e l e c t r i c  o r t h o r h o m b i c ,
p a r a e l e c t r i c  c u b i c ,  and  f e r r o e l e c t r i c  t e t r a g o n a l  p h a s e s  
d e p e n d i n g  on t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  o x i d e .  I t  i s  
t h e r e f o r e  i m p e r a t i v e  t o  c o n t r o l  t h e  c h e m i c a l  h o m o g e n e i t y  i n  
o r d e r  t o  o b t a i n  a s i n g l e  d e s i r a b l e  p h a s e .
Ho mo g e n e o u s  a t o m i c  d i s t r i b u t i o n  o f  t h e  l a s i n g  r a r e  
e a r t h  c a t i o n  i n  p r o p e r  s i t e s  o f  t h e  h o s t  l a t t i c e  i s  a l s o  
i m p o r t a n t  [ 1 7 ]  o t h e r w i s e  t h e r e  w i l l  be v a r i a t i o n s  i n  
f l u o r e s c e n c e  l i f e t i m e s  and b r o a d e n i n g  o f  t h e  f l u o r e s c e n c e
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l i n e  w i d t h  d u e  t o  d i f f e r e n c e s  i n  r e l a x a t i o n  m e c h a n i s m s  and 
c r y s t a l  e l e c t r i c  f i e l d s .  T h e r e f o r e  t e c h n i q u e s  f o r  
p r e p a r i n g  l a s e r  q u a l i t y  ^3 ^ 5 ^ 1 2  c r y s t a l s  o t h e r  t h a n  t h e  
c o n v e n t i o n a l  s i n t e r i n g  o f  Y2 0g  and A1 2 0 2  o x i d e s  [ 4 0 ]  a r e  
b e i n g  s o u g h t .  The  t h e r m a l  d e c o m p o s i t i o n  o f  mi x e d  h y d r o x i d e  
had  b e e n  f o u n d  t o  y i e l d  a p r o d u c t  w h i c h  s i n t e r s  t o  t h e  
d e s i r a b l e  l a s e r  q u a l i t y  m a t e r i a l  a t  much l o w e r  t e m p e r a t u r e s  
( 2 0 0  -  4 0 0 °C  l o w e r  t h a n  r e q u i r e d  when t h e  s t a r t i n g
m a t e r i a l s  a r e  o x i d e s )  [ 4 1 , 4 2 ] .
Mi xed  o x a l a t e s  c o u l d  p e r h a p s  o f f e r  s u c h  a d v a n t a g e s ,  
e s p e c i a l l y  s i n c e  t h e  p r e s e n c e  o f  a l k a l i  m e t a l  i o n s  ( w h i c h  
wo u l d  be p r e s e n t  i f  c o m p l e x  o x a l a t e  l a n t h a n a t e s  a r e  u s e d )  
do n o t  i n h i b i t  t h e  f o r m a t i o n  o f  d e s i  r e d  p h a s e s  [ 4 3 ] .
T h i s  i s  t h e  b a s i s  f o r  t h e  wor k  d e s c r i b e d  i n  t h i s  
p o r t i o n  o f  t h e  d i s s e r t a t i o n .
The  v e r s a t i l i t y  o f  o x a l a t e s  i n  y i e l d i n g  c h e m i c a l l y  
h o mo g e n e o u s  t h e r m a l  d e c o m p o s i t i o n  p r o d u c t s  i s  w e l l  
m a n i f e s t e d  by t h e  s u c c e s s f u l  p r e p a r a t i o n  o f  c a t a l y t i c
p e r o v s k i t e s  LnMC^ h a v i n g  l a r g e r  s u r f a c e  a r e a s  t h a n  t h o s e  
o b t a i n e d  by s i n t e r i n g  l a n t h a n i d e  and  3d m e t a l  o x i d e s
[ 6 - 8 , 4 4 ] .  The  s u p e r i o r  c a t a l y s t s  a r e  o b t a i n e d ,  a t  300 - 
400°C  b e l o w t h e  t e m p e r a t u r e s  r e q u i r e d  t o  y i e l d  p e r o v s k i t e s  
w i t h  some c a t a l y t i c  a c t i v i t y  f r o m t h e  s i n g l e  o x i d e  m i x t u r e s  
[ 4 4 a ] ,  by t h e  t h e r m a l  d e c o m p o s i t i o n  o f  d o u b l e  o x a l a t e s  Ln 
Mn( C2 O4 ) 3 • 9H2 0 wh i c h  h a v e  t h e  s t o i c h i o m e t r y  n e e d e d  t o  f o r m
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LnM0 3  m a t e r i a l s .  The  r e a c t i o n  t i m e  l e a d i n g  t o  t h e s e  
p e r o v s k i t e s  i s  i n  s u c h  c a s e s  s h o r t e r  t o o .
F u r t h e r m o r e ,  n u c l e a r  f u e l  q u a l i t y  m a t e r i a l s  h a v e  b e e n  
o b t a i n e d  by t h e  t h e r m a l  d e c o m p o s i t i o n  o f  m i x t u r e s  o f  UO2  
( C 2  0  4 ) w i t h  C e 2  ( C 2  0 4 ) 3  [ ^ ̂  1 s o d  UO2  w i t h  Gd 2  (f^2 ® 4  ) 3
[ 4 6 ] ,  The  r a r e  e a r t h s  a r e  n e u t r o n - a b s o r b i n g  s h i e l d i n g  
m a t e r i  a l s  [ 47  ] .
I n c r e a s e d  h o m o g e n e i t y  i n  t h e  s u p e r i o n i c  c o n d u c t o r  
m a t e r i a l  CeC^ [ H ]  i s  o b t a i n e d  i n  a l ow t e m p e r a t u r e  t h e r m a l  
d e c o m p o s i t i o n  o f  c e r i u m  o x a l a t o  h y d r a z i n a t e s  and 
o x a l a t e  [ 4 8 ] .
A l t h o u g h  l a n t h a n i d e  o x a l a t e s  h a v e  d e m o n s t r a t e d  s u c h
e x t e n s i v e  u t i l i t y  i n  mo d e r n  t e c h n o l o g y ,  k n o w l e d g e  o f  t h e
3 +c o o r d i n a t i o n  c h e m i s t r y  o f  t h e  o x a l a t e  a n i o n  and Ln c a t i o n  
i s  l i m i t e d .  B e s i d e s  t h e  b i n a r y  s e s q u i o x a l a t e s , d i o x a l a t o  
c o m p l e x e s  MLn0 x 2 nH2 0  w h e r e  M = NH^ T 4 9 , 5 0 ] ,  HgO^ [ 5 1 ]  
o r  a l k a l i  m e t a l  [ 5 2 , 5 3 ]  a r e  known .  S y n t h e s i s  o f  t h e  
c o mp l e x  K4 C e 2 ( C 2 0 /j ) g » n H 2 0  h a s  b e e n  r e p o r t e d  [ 52  , 5 3  ] b u t  
e x a m p l e s  o f  s u c h  c o m p l e x e s  w i t h  o t h e r  l a n t h a n i d e  e l e m e n t s  
c o u l d  n o t  be p r e p a r e d  and no s t r u c t u r a l  i n f o r m a t i o n  f o r  
t h i s  t y p e  o f  c o m p l e x  i s  a v a i l a b l e .  No h i g h e r  o x a l a t o  
c o m p l e x e s  a r e  known d e s p i t e  t h e  f a c t  t h a t ,  c a r b o x y l a t o
3_
c o m p l e x e s  o f  t h e  t y p e  LnLg w h e r e  L i s  OOCCH2 OCH2 COO 
[ 5 4 ]  and  d i p i c o l i n a t e  [ 5 5 ]  and o x a l a t o  m e t a l l a t e s  
1*1 ( 0 2 0 4 ) 3  , w h e r e  M = Al , Cr  [ 5 6 ] ,  Rh [ 5 7 ]  h a v e  b e e n
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p r e p a r e d  and  c h a r a c t e r i z e d  by X - r a y  c r y s t a l  1 o g r a p h y . 
B e s i d e s  p r o v i d i n g  c l u e s  t o  t h e  o x a l a t e  d e c o m p o s i t i o n  
m e c h a n i s m  w h i c h  i s  i m p o r t a n t  f o r  u n d e r s t a n d i n g  t h e  ma n n e r  
i n  w h i c h  t h e  o x a l a t e  a n i o n  i n f l u e n c e s  t h e  q u a l i t y  o f  
t h e r m a l  d e c o m p o s i t i o n  p r o d u c t s  [ 5 8 , 5 9 ] ,  h i g h e r  l a n t h a n i d e  
comp 1 e x e s  may o f f e r  d i f f e r e n t  t h e r m a l  d e c o m p o s i t i o n  and 
s i n t e r i n g  m e c h a n i s m s  wh i c h  may y i e l d  new t h e r m a l
d e c o m p o s i t i o n  p r o d u c t s  o f  t e c h n o l o g i c a l  i n t e r e s t .  Such  new 
f e a t u r e s  o f  t h e  l a n t h a n i d e - o x a l a t e  s y s t e m  c o u l d  r e s u l t  f r o m 
new c o o r d i n a t i o n  e n v i r o n m e n t s ;  e . g . ,  Mj L n f Cg O/ ^ ^  c o mp a r e d  
t o  1. 0 2 ( 0 2 0 4 ) 3  [ 3 , 6 0 ]  and t h e  p o s s i b i l i t y  o f  v a r y i n g  M.
T h i s  p a r t  o f  t h e  r e s e a r c h  was  t h e r e f o r e  d i r e c t e d  
t o w a r d s  s y n t h e s i s  o f  new r a r e  e a r t h  o x a l a t o  c o m p l e x e s  and
s t u d i e s  o f  t h e i r  t h e r m a l  c h a r a c t e r i s t i c s  and  s t r u c t u r a l  
c h e m i s t r y .  T h e s e  e f f o r t s  l e d  t o  t h e  s y n t h e s i s  o f  t h e  new
c o m p l e x e s ,  Kj Ln ( C2 O4 ) 3 (Ln = Nd , Sm,  Eu ,  G d , Tb)
[ 6 1 ]  and K8 Ln 2 ( C2 0 4  ) 7  . 1 4 H 20 (Ln = Tb ,  Dy,  Ho,  E r ,  Yb,  Y)
[ 6 2 ] .  The  l i g h t  r a r e  e a r t h s  Ln = La ,  Ce ,  Pr  f o r m e d  t h e
c o m p l e x e s  K4 Ln 2 ( C 2 O4 ) 5 »nH2 0 , n = 13 f o r  Ln = La ,  n = 12 f o r
Ln = Ce ,  Pr  w h i c h  we r e  i n a d v e r t e n t l y  f o r m u l a t e d  as  
I ^ L n ( C 2 O4 ) 3 *nH2 0  [ 6 1 , 6 3 ] .  Ho we v e r ,  o n c e  t h i s  e r r o r  i n  
s t o i c h i o m e t r y  a s s i g n m e n t  i s  c o r r e c t e d  o u r  o b s e r v a t i o n s  and 
c o n c l u s i o n s  [ 6 1 - 6 4 ]  r e m a i n  u n c h a n g e d .  The  s y n t h e t i c
p r o c e d u r e  e m p l o y i n g  p o t a s s i u m  o x a l a t e  and l a n t h a n i d e  
s e s q u i o x a l a t e s  i n  h o t  w a t e r  a l o n g  w i t h  t h e  c r y s t a l
s t r u c t u r e  o f  t h e  K3 Ln 0 x 3 »3 H2 0  (Ox = C2 O4 ) a r e  d e s c r i b e d
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i n  [ 6 1 ] :  " The  c r y s t a l  s t r u c t u r e  and c o o r d i n a t i o n  g e o m e t r y
o f  p o t a s s i  u m - c a t e n a - p - o x a l  a t o - B i  s - O x a l  a t o  a q u a  l a n t h a n a t e  
( 1 1 1 )  d i h y d r a t e s ,  Kg [ Ln( Ox ) g ( OH 2 ) ] [Ln = Nd , Sm,
Eu ,  Gd , T b ) " :  I .  A.  Kahwa ,  F.  R. F r o n c z e k  and J .  S e l b i n ,
I n o r g a n i c a C h i  mi c a  A c t a  8 2 ,  1 6 1 - 1 6 6  ( 1984  ) .
The  c r y s t a l  and m o l e c u l a r  s t r u c t u r e s  o f  t h e  KgLn 2 0 x 7  
• 14H2 0 and t h e  c r y s t a l  c h e m i s t r y  o f  K g L n O x g ^ f ^ O  and KgLn 2  
0 x y » 1 4 H2 0  a r e  d e s c r i b e d  i n  [ 6 2 ] :  " The  c r y s t a l  and
m o l e c u l a r  s t r u c t u r e  o f  p o t a s s i u r n - p - o x a l a t o - D i [ t r i s - a x a l a t o -  
l a n t h a n a t e  ( 1 1 1 ) ] - 1 4 - h y d r a t e  KgLn 2 0 x 7 - l AI ^ O [ Ln = Tb ,  Dy,  
E r ,  Yb,  Y] " ;  I .  A.  Ka hwa ,  F.  R.  F r o n c z e k  and J .  S e l b i n ,  
I n o r g a n i c a  C h i m i c a  A c t a  82 , 1 6 7 - 1 7 2  ( 1 9 8 4 ) .  F u r t h e r
c o mme n t s  on t h e  c r y s t a l  c h e m i s t r y  o f  L n ^ + c o v e r i n g  o x a l a t o  
c o m p l e x e s  and l a n t h a n i d e  t r i h a l i d e s  a r e  d i s c u s s e d  i n  [ 6 4 ] :  
" The  i n f l u e n c e  o f  t h e  a n i o n i c  c h a r g e  d e n s i t y  on t h e  
c o o r d i n a t i o n  n u mb e r  o f  t h e  l a n t h a n i d e  c a t i o n " ;  I .  A.  Kahwa 
and J .  S e l b i n ,  I n o r g a n i c a C h i m i c a  Ac t a  9 5 , L5- L6  ( 1 9 8 4 ) .
The  t h e r m a l  c h a r a c t e r i s t i c s  o f  a l l  t h e  c o m p l e x e s  a r e  
d e s c r i b e d  i n  [ 6 3 ] :  "The  t h e r m a l  c h a r a c t e r i s t i c s  o f
p o t a s s i u m  o x a l a t o  l a n t h a n a t e s ;  KgLnOxg^ n l ^ O (Ln = La -  Tb)  
and  K8 Ln2 0 x 7 . 1 4 H 2 0)  (Ln = Tb -  Yb,  Y ) " ,  I .  A.  Kahwa and J .  
S e l b i n ,  J o u r n a l  o f  T h e r ma l  A n a l y s i s  2 8 , 3 5 9 - 3 7 0  ( 1 9 8 3 ) .
The d e t a i l e d  c r y s t a l  s t r u c t u r e  o f  t h e  K4 Ln 2 ( C 2 0 4 ) 5  
• n l ^ O c o m p l e x e s  c o u l d  n o t  be d e t e r m i n e d  b e c a u s e  of  
e x c e s s i v e  d i s o r d e r  i n  t h e i r  c r y s t a l s .  Some o b s e r v a t i o n s  
a r e  h o w e v e r  g i v e n  i n  A p p e n d i x  4  .
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The  c o m p l e x e s  w e r e  a l s o  c h a r a c t e r i z e d  by e l e c t r o n  
p a r a m a g n e t i c  r e s o n a n c e  and t h e  r e s u i t s  a r e  d e s c r i b e d  i n  
A p p e n d i x  5 .
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The crysta l stn tc tu res o f  the title  com pou nds w ith  
L n -  N d  and G d  w ere d e term in ed  a t room  tem pera­
ture b y  single crysta l X-ray d iffraction  m ethods. 
The com pou nds are triclinic w ith  space group P i  and  
Z = 2. The L n3* cations are nonacoordinate in a  
d is to r ted  tricapped trigonal prism atic environm ent 
fo rm e d  b y  4  oxalates a n d  a w a ter molecule. The 
oxalates coordinate to  L n 3* via 5-m em bered  rings; 
tw o  o f  these 4  oxalate ligands serve as bridging 
ligands to  coordinate to  neighboring L n 3* leading 
to an infinite chain o f  [O x (L n O x 2’H2O l units. 
C om pounds w ith  Ln = Sm, Eu, and Tb are  
isom orphous w ith  this structure as determ ined  b y  
their ce ll dim ensions
Introduction
Dioxalato complexes of trivalent lanthanides, 
MLnOxj-nHjO, where M = N H „\ (1 ,2]  and H s0 2*
[3] are well known and characterized. No other 
oxalato complexes of trivalent lanthanides have been 
reported in spite of the fact that other oxalato 
metallates of the type MOx3*~, M = Al, Cr (4J 
Rh [5] and carboxylato lanthanates o f the type: 
LnL33~, e.g. Na3LnL3-NaCI04-6H20 , L = OOCCHj- 
OCHjCOO (6] and Na3Ln(dip)3-nH20,d ip  = dipico- 
linate anion [7] ,  are well known. Mixed oxalates 
are versatile starting materials for the fabrication of 
well-defined multicomponent oxides which have 
found wide industrial application because of their 
important optical, magnetic and electrical properties; 
e.g. M Ti03, an important ferroelectric and ion 
conductor [8],  is made by the thermodecomposi­
tion of BaTiOx3’H20  [9J. The inclusion of rare
•O n study leave from the Chemistry Departm ent, Univer­
sity o f Dar-es-Salaam, P.O. Box 3S061, Dar-es-Salam, Tanza­
nia.
••A u th o r to whom correspondence should be addressed.
earth atoms in the mixed oxide system has improved 
and extended its use to semiconductor, capacitor 
and electrooptic systems [8]. The use of mixed 
oxide systems containing lanthanide atoms in indus­
trial catalysis [10, 11] and laser technology [12] is 
well known.
For these reasons we undertook the synthesis of 
oxalato lanthanates in search of new or starting 
materials for the fabrication of lanthanide based 
systems showing characteristics of current technolo­
gical interest. We have now prepared complexes 
of the type K3Ln0x3-nH20  (n = 6 for Ln = La, n = 
5.5 for Ln = Ce, Pr, and n = 3, for Ln — Nd-Tb) 
and KBLn20x1, 14H20  (Ln = Tb-Yb, Y). We report 
here the crystal structures of the complexes K3 
LnOxs’ SI^O, specifically where Ln = Nd, Sm, Eu, 
Gd and Tb.
Experimental
Preparation o f  the C om plexes
Lanthanide sesquioxalates Ln2Ox3*nH2o prepared 
according to established procedures were suspended 
in about 10 ml of boiling water; solid potassium oxa­
late was then added slowly, allowing each aliquot 
to dissolve before adding another one, until a clear 
solution was obtained. The solutions were allowed 
to cool to 45-55 °C and then evaporation was 
allowed to proceed to near dryness. Excess potas­
sium oxalate was then extracted as a dilute solution 
with a 0.5 M  potassium oxalate solution. Use of this 
solution was necessary as the complexes were 
found to decompose to the dioxalato lanthanates 
when extraction was attempted with more dilute 
solutions. The crystals were digested in the potas­
sium oxalate extract for 2 days at 45-55 t ,  after 
which they were filtered and air dried for 15 minutes. 
The crystalline precipitates obtained were found 
to have the general stoichiometry: K3Ln0x3-nH20
0020-1693/84/S3.00 ©  Elsevier Sequoia/Printed in Switzerland
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TABLE I. Crystal Data for the Triclinic Complexes K 3 [Ln(0 x)3 (0 H ] ) ) '2 II}0 .
Ln:

















a (A) 9.416(2) 9.392(3) 9.383(1) 9.374(4) 9.361(5)
b (A) 8.502(4) 8.488(1) 8.484(1) 8.474(4) 8.475(2)
c  (A) 9.799(3) 9.767(2) 9.751(1) 9.739(2) 9.716(3)
a C) 88.91(3) 88.89(1) 8 8 .8 6 ( 1 ) 88.34(3) 88.79(2)
0 (°) 82.17(3) 81.85(2) 81.76(1) 81.62(2) 81.54(3)
y  C) 96.28(3) 96.46(2) 96.55(1) 96.58(4) 96.67(3)
V (A3) 772.0(7) 765.4(5) 762.7(2) 759.8(7) 756.7(8)
dc (gem  3) 2.493 2.542 2.558 2.590 2.608
Z 2 2 2 2 2
V (cm ' ) 42.63 47.43 50.14 52.86 56.30
where n = 6 for Ln = La, n = 5.5 for Ln = Ce, Pr, and 
n = 3 for Ln = Nd-Tb.
On the other hand the heavy lanthanides and 
yttrium formed very soluble complexes. Therefore 
the solutions formed as above were cooled to room 
temperature and the crystalline materials obtained 
were recrystallized from dilute solutions of potas­
sium oxalate. These materials have the stoichio­
metry: K8Ln20x7* 14HjO: Ln = Tb-Yb, Y.
In attempts to establish the maximum number of 
oxalate ligands which can be put on the lanthanide 
cations, the coloted ions Nd and Er3* were used 
since they are easily identified by their color. In this 
case complexation was carried out in a saturated 
solution of potassium oxalate and the crystals were 
isolated from the solid mixtures with the aid of a 
microscope. The materials do not co-precipitate with 
potassium oxalate, but form well defined crystals 
which were found to be identical with those obtained 
by the procedure described above.
X-ray Data Collection fo r  K 3[N d(O x}3OH 2J '2H 20
Intensity data were obtained from a pale lavender 
crystal of dimensions 0.20 X 0.28 X 0.40 mm on 
an Enraf-Nonius CAD4 diffractometer equipped with 
MoKa radiation (X = 0.71073 A) and a graphite 
monochromator. Cell dimensions (Table I) and 
crystal orientation were determined from the angular 
settings of 25 reflections having 13° <  0 <  14°. 
Data were collected at 2 5 1  by the to—20 scan 
method employing scans of variable rate designed 
to yield I as 50 a(I) for all significant reflections. Scan 
rates, determined in a 10 deg. min-1 prescan, varied 
from 0.50—10.0 deg min-1. All data in one 
hemisphere having 1° <  0 <  25° were measured in 
this fashion. No decline in the intensities of three 
periodically remeasured reflections nor movement 
of two periodically recentered reflections was noted. 
Of 2709 unique data, 2529 had I >  3o(I), and were
used in the refinement. Data reduction included cor­
rections for background, Lorentz, polarization and 
absorption effects. The absorption correction was 
based upon scans of reflections near x = 90°; 
the minimum relative transmission coefficient was 
77.09%.
X-ray Data C ollection  fo r  K 3[G d(O x)3OH2] '2 H 2 O
The experimental procedure was identical to that 
for the Nd compound. Differing parameters are: 
crystal size 0.16 X 0.24 X 0.44 mm, scan rates 
0.63-10.0 deg min-1, 2666 unique data, 2512 
observed data, minimum relative transmission coef­
ficient 78.87%.
Cell D im ensions f o r K 3[L n (O x)3OH2]  -2H2 O
Unit cell dimensions for the isomorphous series, 
including the Sm, Eu, and Tb compounds were 
obtained from single crystals with MoKa radiation 
on the CAD4 diffractometer. Setting angles for the 
same set of 25 reflections used for orienting the 
Nd and Gd crystals were used in a least squares 
procedure. Measurements at ±20 were made. Crystal 
data derived from these measurements are given 
in Table I.
Structure So lu tion  and. Refinem ent, K 3[N d(O x)3- 
0 H 2J '2H 20
The centrosymmetric space group was assumed, 
and confirmed by successful refinement. Location 
of the Nd atom from the Patterson map led to the 
full structure by standard Fourier methods. Refine­
ment was carried out by full matrix least squares 
based upon F with statistical weights, using the 
Enraf Nonius SDP programs [13]. Nonhydrogen 
atoms were refined anisotropically; hydrogen atoms 
were located from difference maps and included as 
fixed contributions with isotropic B = 5.0 AJ. Con­
vergence was achieved with R  = 0.036 (0.040 for all
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TABLE II. Triclinic Complexes: KjLnOX 3 ‘ 3 H jO ; Principal 
Interatom ic Distances and Bond Angles in the Lanthanide 
Coordination Polyhedron.
Nd
(e.s.d. = 0.003 A)
Gd
(e.s.d. *> 0 .002 A)
(a) distances
L n -0 1 2.525 2.464
L n -0 2 2.474 2.429
L n -0 3 2.484 2.444
L n -0 4 2.492 2.450
Ln-OS 2.450 2.404
L n -0 6 2.463 2.416
L n -0 7 2.447 2.392
L n -0 8 2.536 2.504
L n - 0 1 3(1120) 2.572 2.517
Average L n - 0 2.494 2.447
(b) angles
0 1 - L n - 0 2 65.74(8) 67.27(7)
0 1 - L n - 0 3 75.17(9) 74.72(8)
0 1 - L n - 0 4 70.24(9) 70.54(8)
O l-L n -O S 128.89(9) 129.23(8)
0 1 - L n - 0 6 151.47(9) 150.06(8)
0 1 - L n - 0 7 85.00(9) 85.66(8)
O l - L n  -0 8 67.15(9) 67.42(8)
0 1 - L n - 0 1 3 131.94(8) 132.46(8)
0 2 - L n - 0 3 130.89(8) 132.58(8)
0 2 - L n - 0 4 74.05(8) 74.87(8)
0 2 - L n - 0 5 70.77(8) 69.90(8)
0 2 - L n - 0 6 136.47(9) 136.62(8)
0 2 - L n - 0 7 131.35(8) 132.13(7)
0 2 - L n - 0 8 68.62(8) 68.23(7)
0 2 - L n -0 1 3 9 1 0 1 (9 ) 90.12(8)
0 3 - L n - 0 4 6S.31(8) 66.29(7)
0 3 - L n - 0 5 118.91(9) 111.95(8)
0 3 - L n - 0 6 76.33(9) 75.37(8)
0 3 - L n - 0 7 69.79(9) 68.99(8)
0 3 - L n - 0 8 121.73(9) 121.26(8)
0 3 - L n - 0 1 3 138.01(9) 131.18(8)
0 4 - L n - 0 5 73.16(9) 73.10(8)
0 4 - L n - 0 6 9646(9) 96.07(8)
0 4 - L n - 0 7 132.73(9) 133.33(8)
0 4 - L n - 0 8 131.74(9) 131.91(8)
0 4 - L n - 0 1 3 145.44(9) 145.14(8)
0 5 - L n - 0 6 65.87(9) 66.90(8)
O S -L n -0 7 145.70(9) 144.71(8)
0 5 - L n - 0 8 119.30(9) 118.76(8)
0 5 - L n - 0 1 3 72.51(9) 72.20(8)
0 6 - L n - 0 7 86.50(9) 84.97(8)
0 6 - L n - 0 8 131.69(9) 131.96(8)
0 6 - L n - 0 1 3 72.88(9) 73.31(8)
0 7 - L n - 0 8 64.31(8) 65.03(7)
0 7 - L n - 0 1 3 80.41(9) 79.80(8)
0 8 - L n - 0 1 3 65.23(9) 65.38(8)
data), Rw = 0.047, and goodness of fit = 1.617 for 
266 variables. The maximum residual electron density 
was 0.66 eA~3.
Fig. 1. A portion o f the structure o f  K3  (Ln(Ox)3 (O H j) | • 
2H jO , showing all o f  the nine coordinated oxygens (1 -8  
from  Ox and W from OH2 ) which comprise the tricapped 







Fig. 2. ORTEP drawing o f  a portion o f  the polymeric struc­
ture o f  (Ln(O x)3 (OH2)) 3~\ with atom  numbering scheme. 
Parameters for Ln = Gd were used.
Solu tion  an d  R efinem ent, K 3fG d (O x )iO H j/ '2H 2O  
As the Gd compound is isomorphous with the Nd 
compound, parameters from the latter were used as 
a starting model. Refinement was carried out in the 
same fashion as that for the Nd compound, with 
hydrogen atom positions adjusted by difference 
maps. At convergence,/? = 0.021 (0.024 for all data), 
Rw = 0.033, GOF = 1.184, and maximum residual 
electron density = 0.69 eA“3.
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TABLE III. Distances and Angles in the Oxalate Ligands.
Nd Gd
Ligand 1: C l - C l 1.575(4) 1.567(6)
C l - 0 1 1.238(4) 1.253(4)
C l - 0 2 1.246(4) 1.247(4)
0 1 - C l - 0 2 125.5(3) 125.5(3)
0 1 - C l - C l 116.8(3) 116.2(4)
0 2 -C 1 -C 1 117.8(3) 118.2(3)
Ligand 2: C 2-C 2 1.539(4) 1.556(6)
C 2 -0 3 1.258(4) 1.261(4)
C 2 -0 4 1.254(4) 1.241(4)
0 3 - C 2 - 0 4 125.7(3) 126.8(3)
0 3 -C 2 -C 2 117.0(3) 115.4(4)
0 4 -C 2 -C 2 117.3(3) 117.8(4)
Ligand 3: C 3-C 4 1.558(4) 1.564(5)
C 3 -0 5 1.273(4) 1.272(4)
C 3 -0 9 1.232(5) 1.226(4)
C 4 -0 6 1.257(5) 1.266(4)
C 4 -0 1 1.246(5) 1.230(4)
0 5 - C 3 - 0 9 125.8(4) 125.9(3)
0 5 -C 3 -C 4 115.6(4) 114.9(3)
0 9 -C 3 -C 4 118.6(4) 119.3(3)
O 6 -C 4 -O 1 0 127.4(4) 127.1(3)
0 6  -C 4 -C 3 116.3(9) 115.7(3)
O 1 0 -C 4 -C 3 116.2(4) 117.1(3)
Ligand 4: C 5-C 6 1.574(4) 1.567(5)
C 5 -0 7 1.269(5) 1.269(4)
C 5 -0 1 1 1.226(5) 1.234(4)
C 6 -0 8 1.267(5) 1.259(4)
C 6 -0 1 2 1.225(5) 1.226(4)
O 7 -C 5 -0 1 1 125.8(4) 125.7(3)
0 7 -C 5 -C 6 115.7(4) 115.6(3)
0 1 1 -C 5 -C 6 118.5(4) 118.7(3)
0 8 - C 6 - 0 1 2 126.1(4) 127.2(3)
0 8 -C 6 -C 5 114.6(4) 114.2(3)
0 1 2 - 0 6 -C 5 119.3(4) 118.6(3)
Averages: C -C 1.562 1.564
C -0 (b g )* 1.249 1.251
C-O j(nbg)* 1.267 1.267
C-O y(nbg)* 1.235 1.229
*bg = bridging, nbg = non-bridging.
Structure Description
Lanthanides Nd through Tb form triclinic 
hydrated complex salts with the formula K3Ln(Ox)3* 
3 II20 . The lanthanide atoms are nonacoordinate, 
with a geometry best described as a distorted tricap­
ped trigonal prism, with the nine donor atoms com­
posed of two bidentate oxalato ligands, two bridging 
oxalato ligpnds, and a coordinated water molecule. 
The water molecule occupies one of the prism 
corners, three of the oxalates span corner-to-cap posi­
tions, and one of the bridging oxalates spans the edge 
of a trigonal face (Figs. 1, 2). The bridging oxalates 
lie on centers of symmetry at 14 V4 0 and Vt 00, lead­
ing to infinite zigzag chains of coordination centers
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TABLE IV. Principal Distances in the Coordination Poly- 
hedra o f  the Potassium Ions.
Nd Gd
K l - 0 2 2.868(3) 2.854(2)
K l - 0 4 2.913(3) 2.941(2)
K l - 0 5 2.828(3) 2.817(3)
K l - 0 9 2.786(3) 2.792(3)
K l-O lO 3.179(3) 3.233(3)
K l - 0 1 2 2.824(3) 2.817(3)
K l - 0 1 4 2.736(3) 2.715(3)
K l - 0 1 5 2.797(3) 2.757(3)
K 2 -0 3 2.867(3) 2.879(2)
K 2 -0 6 3.015(3) 2.962(2)
K 2 -0 7 2.830(3) 2.803(2)
K 2 -0 7 2.851(3) 2.853(2)
K 2 -0 9 2.738(3) 2.727(3)
K 2-O 10 3.100(3) 3.158(3)
K 2 -0 1 1 3.105(3) 3.068(3)
K 2 -0 1 2 2.966(3) 2.969(3)
K 3 -0 2 3.002(3) 2.968(2)
K 3 -0 6 2.938(3) 2.941(2)
K 3 -0 8 2.790(3) 2.773(2)
K 3-O 10 2.867(3) 2.839(3)
K 3 -0 1 1 2.718(3) 2.708(3)
K 3 -0 1 3 2.971(3) 2.958(3)
K 3 -0 1 2.861(3) 2.851(3)
running parallel to the b  axis of the crystal. The 
distance L n -0 8  is the longest next to L n -0 1 3 and 
this makes the cap at the 08 apex unequal to the 
other two. The plane occupied by the equatorial 
oxygens is tilted so that 08 is above 03 and 05. 
L n -0  (oxalate) distances (Table II )  in the Nd com­
plex are in the range 2.447(3)-2.536(3) A and 
average 2.484 A; the Nd—O (water) distance is 
2.572(3) A. Corresponding values for the Gd com­
pound are 2.392(2)-2.504(2) A, average 2.438 A, 
and G d -0  (water) 2.517(2) A, reflecting the smaller 
ionic radius of Gd3*. The average L n -0  distances are 
in good agreement with those found in other struc­
tures in which Ln3* is nonacoordinate, e.g. N d -0  = 
2.50 A in Nd20x3-10.5H20  [14] and Nd2(mal)3- 
6H20  (mal = malonate), [15] and G d -0  = 2.44 A 
in Na3Gd(0(CH2C 00)2)3-NaC104-6H20  [16]. The 
interatomic distances within the oxalato ligands, 
listed in Table II I, are longer than those found in 
Nd2Ox3*10.5H2O [14], The C -C  distances are in 
the range 1.539(4)-1.575(4) A and average 1.562 
A (Nd) and 1.564 A (Gd) in contrast to the range 
1.47-1.59 A and an average of 1.54(4) A found in 
Nd20 x 3- 10.5H2O [14], The normal oxalates have 
a rigid extensive bridging structure involving all 
oxalate ligands while the complexes studied here 
have modest bridging. The thermodynamic 
consequences of bridging differences are discussed
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elsewhere, [16]. The C -0  distances fall into three 
distinct classes: bridging C—O, non-bridging coordi­
nated C -0  and non-bridging uncoordinated C—0  
(Table III). Non-bridging oxalates are planar to 
within 0.09 A; bridging oxalates to within 0.005 A. 
As expected the non-bridging oxalates coordinate 
to Ln via their most negatively charged oxygens. 
An accumulation of negative charge on Ln3* occurs, 
and the magnitude of this seems to have a great 
influence on the coordination numbers of Ln3* and 
the maximum number of anions the Ln3* can 
accomodate [17].
The three K* ions form contacts less than 3.3 A 
with various oxygen atoms o f the structures, as tabu­
lated in Table IV . Two are octacoordinate and the 
third (K3) is heptacoordinate. K1 has six contacts 
to oxalate oxygen atoms and two to uncoordinated 
(to Ln3*) water molecules. K2 has eight contacts to 
oxalate oxygen atoms as well as a longer distance 
(3.427(3) A to Gd) to the coordinated water mole­
cule. K3 has five contacts to oxalate oxygens, one 
to the coordinated water molecule, and one to an 
uncoordinated water molecule.
G roup Trends
As is evident from the data presented in Table I, 
lanthanides from Nd to Tb (with the possible but 
unlikely exception of Pm, which was not studied) 
all have this chain structure. The effects of the lantha­
nide contraction appear in the smooth decrease 
in unit cell volume and resulting increase in calculated 
density. In addition to the decreasing trends in axial 
lengths, the trends in interaxial angles are those of 
decreasing a, decreasing 0, and increasing y  in 
proceeding from Nd to Tb. These trends are upset 
somewhat by the b and a values of Tb.
Preliminary results on the structure determination 
of the compound K3Pr0x3-5.5H20  indicate that the 
complex has a different structure. The break in the
A ppen d ix  added  a t p r o o f  stage:
Coordinates for K3Nd(oxalate)3 '3 H 2Q.
Atom X y 2
Nd 0.35566(2) 0.22705(2) 0.22081(2)
K1 0.1414(1) 0.2885(1) 0.8873(1)
K2 0.3172(1) 0.0458(1) 0.6133(1)
K3 0.7823(1) 0.3425(1) 0.7010(1)
O l 0.5816(4) 0.3499(4) 0.0711(3)
0 2 0.3180(3) 0.4502(3) 0 .0690(3)
0 3 0.5067(4) 0.0065(4) 0.1771(3)
0 4 0.3645(3) 0.1215(4) -0 .0 1 5 3 (3 )
05 0.1071(3) 0.1928(3) 0.1689(3)
0 6 0.2054(4) -0 .0028(4 ) 0.3414(3)
Ol 0.5119(4) 0.2118(4) 0.3996(3)
165
lanthanide series is thus found at Pr-Nd and Tb. 
No other break is found in the crystal properties of 
the complexes o f the heavy lanthanides [17].
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(continued)
Atom X y 2
0 8 0.4556(3) 0.4903(4) 0.3067(3)
0 9 -0 .0 9 6 1 (4 ) 0.0296(4) 0.1760(4)
O10 -0 .01 0 2 (4 ) -0 .14 9 6 (4 ) 0.3734(4)
O i l 0.7302(4) 0.3147(4) 0.4359(4)
0 1 2 0.6661(4) 0.6071(4) 0.3519(3)
0 1 3 0.1951(4) 0.3332(4) 0.4242(3)
0 1 4 0.9641(4) 0.4714(4) 0.2435(4)
0 1 5 0.8426(4) 0.2240(4) 0.9597(4)




Atom X y z
C2 0.5410(5) -0 .0 3 2 9 (5 ) 0.0550(4)
C3 0.0223(5) 0.0699(5) 0.2125(4)
C4 0.0769(5) -0 .0 3 6 8 (5 ) 0.3208(5)
C5 0.6115(5) 0.3250(5) 0.4006(4)
C6 0.5767(5) 0.4915(5) 0.3497(4)
H131 0.1133 0.2773 0.4707
H132 0.2285 0.3594 0.5000
H141 1 . 0 0 0 0 0.3887 0.1934
H142 0.8848 0.4434 0.3047
H151 0.8555 0.1387 1.0273
H152 0.7695 0.2773 1 . 0 0 0 0
Estimated standard deviations in the least significant digits are 
shown in parentheses.
Coordinates for K 3 Gd(oxalate ) 3  • 3HjO.
Atom X y z
Gd 0.35762(1) 0.22748(2) 0.21755(1)
K1 0.14156(9) 0.2887(1) 0.88675(8)
K 2 0.31730(9) 0.0435(1) 0.61061(9)
K3 0.78057(10) 0.3434(1) 0.70243(9)
O l 0.5807(3) 0.3462(3) 0.0683(3)
0 2 0.3165(2) 0.4476(3) 0.0703(2)
I. A . Kahwa, F. R. Fronczek andJ. Selbin
(continued/
Atom X y z
0 3 0.5084(3) 0.0112(3) 0.1772(2)
0 4 0.3645(3) 0.1216(3) -0 .0 1 5 2 (3 )
0 5 0.1118(3) 0.1939(3) 0.1694(3)
0 6 0.2128(3) -0 .0 0 1 3 (3 ) 0.3389(3)
0 7 0.5082(3) 0.2115(3) 0.3944(2)
0 8 0.4569(3) 0.4898(3) 0.3003(3)
0 9 -0 .0 9 2 9 (3 ) 0.0304(3) 0.1781(3)
O 1 0 -0 .0 0 3 5 (3 ) -0 .1 4 8 8 (3 ) 0.3775(3)
O i l 0.7257(3) 0.3143(3) 0.4382(3)
0 1 2 0.6644(3) 0.6078(3) 0.3554(3)
01 3 0.1995(3) 0.3306(3) 0.4192(2)
01 4 0.9625(3) 0.4730(3) 0.2445(3)
015 0.8448(3) 0.2236(4) 0.9593(3)
C l 0.5766(3) 0.4712(4) -0 .0 0 1 3 (3 )
C2 0.5429(4) -0 .0 3 2 3 (4 ) 0.0550(3)
C3 0.0258(4) 0.0704(4) 0.2136(4)
C4 0.0815(4) -0 .03 6 1 (4 ) 0.3227(4)
C5 0.6082(4) 0.3250(4) 0.3981(3)
C6 0.5756(4) 0.4918(4) 0.3466(3)
H131 0.1387 0.2500 0.4434
H132 0.2500 0.3594 0.5000
H141 1.0000 0.3887 0.2207
H142 0.9160 0.4160 0.3047
H151 0.8613 0.1680 1.0293
H152 0.7793 0.2793 1.0293
Estimated standard deviations in the least significant digits 
are shown in parentheses.
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The crysta l structures o f  th e  title  com plexes were 
determ ined a t room  tem perature b y  single crysta l X- 
ray diffraction. The com plexes are m onoclinic w ith  
space group C 2 jc  an d  Z = 4. They ex ist as dinuclear 
species w ith  tw o  L n3* cations lin ked  b y  a  single oxa­
late bridge. The L n3* coordination po lyh edron  is a 
slightly d is to r ted  D Jd dodecahedron. The d im er has 
crystallographic C2 sym m etry  w ith  the bridging group  
norm al to  the  tw o fo ld  axis. Full structure determ ina­
tions w ere carried o u t f o r  Ln  = Er and Y, w hile the  
structures w ith  Ln = Tb, D y, an d  Yb w ere determ ined  
to  be isom orphous b y  determ ination  o f  u n it cell 
dimensions.
Introduction
Recently we reported the crystal structure of the 
trioxalatolanthanate complexes K3Ln0x3’ 3H20  
(Ln = Nd, Sm, Eu, Gd, Tb) [ l j .  In that report we 
described the procedure for the synthesis of crystal­
line oxalato complexes of heavy lanthanides with 
what appears to be a maximum number of possible 
oxalato ligands of 3.5 per Ln3* cation (K*Ln20 x 7" 
14H20). We have now determined the crystal and 
molecular structures of these complexes and have 
established that the compounds KsLn20 x 7’ 14H20 , 
Ln = Tb, Dy, Er, Yb, Y are isomorphous and mono­
clinic with space group C2/c. Unlike the polymeric 
triclinic trioxalato complexes, the monoclinic com­
plexes are dinuclear species with the lanthanide nuclei 
bridged by a single bis-bidentate oxalato ligand. 
The lanthanide coordination sphere is a slightly dis­
torted dodecahedron made up of oxalate ligands 
only. The coordination number 8 is surprising in view
*On study leave from the Chemistry Departm ent, Univer­
sity o f  Dar-es-Salaam, P.O. Box 35061, Dar-es-Salaam, Tan­
zania.
* ’ Author to whom correspondence should he addressed.
of the many known oxalates in which Ln3* (Ln = 
heavy lanthanide) are nonacoordinate, e.g. Hs0 2* 
[ErOxj-HjO]" [2], NH4[Y 0x2H20 ]-H 20  (3),  and 
Ln2Ox3‘ I0H 2O [4], In the dioxalato Y complex 
the coordinated water molecule constitutes the 
shortest Y - 0  distance, indicating no instability asso­
ciated with the Y 0 9 coordination polyhedron. A 
comparison of our results with data reported for 
other types of complexes revealed a useful (not 
unexpected) rule of thumb, namely that the lantha­
nide cations prefer lower coordination numbers if 
complexation results in an excess negative charge on 
the complex lanthanate anion. In this report we 
present the crystal data of KgLn20 x 7’ 14H20  com­
plexes, full crystal structure determinations for the 
Er and Y  complexes and the rationale for lower 
coordination numbers shown by Ln3* in complex 
lanthanate anions. The probable reasons for 
differences in the complexes formed by the light and 
heavy lanthanides are also discussed.
Experimental
a ) Synthesis o f  K t L n 20 x 1'1 4 H J0
The complexes were synthesized as described else­
where [1 ].
b ) D ata collection  f o r  K 6[E r2(O x )1J • 14H20  
Intensity data were obtained from a pale pink
crystal of dimensions 0.20 X 0.28 X 0.36 mm on an 
Enraf-Nonius CAD4 diffractometer equipped with 
MoKa radiation (X = 0.71073 A) and a graphite 
monochromator. Cell dimensions (Table I) and 
crystal orientation were determined from the angular 
settings of 25 reflections having 14° <  6 <  15°. 
Data were collected at 25 °C by the o s -2 0  scan 
method employing scans of variable rate designed to 
yield I 2f 50o(I) for all significant reflections. Scan 
rates, determined in a 10 deg. min-1 prescan, varied 
from 0.39—10.0 deg min-1 . All data in one quadrant
0020-1693/84/53.00 ©  Elsevier Sequoia/Printed in Switzerland
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TABLE I. Crystal Data for the Monoclinic Complexes K g[Ln20 x 7 ]
Ln Tb Dy Er Yb Y
Formula w t: 1499.1 1506.2 1515.7 1527.3 1359.0
Space Group: C2/c C2/c C2/c C2/c C2 /c
a (A): 16.113(6) 16.078(5) 16.079(3) 16.062(7) 16.068(2)
b  (A): 11.821(3) 11.785(3) 11.773(2) 11.726(5) 11.764(3)
c (A): 23.491(11) 23.453(8) 23.371(4) 23.301(7) 23.402(7)
0 ( '): 91.45(4) 91.25(3) 91.21(2) 90.94(3) 90.89(2)
V (A3): 4473(5) 4443(4) 4423(3) 4388(5) 4423(3)
dc  (gem - 3 ): 2.226 2.252 2.276 2.312 2.041
7.\ 4 4 4 4 4
U (cm- 1 ): 40.33 42.35 46.90 51.02 34.97
having 1° <  6 <  25° and h + k even were measured 
in this fashion. No decline in the intensities of three 
periodically remeasured reflections nor movement of 
two periodically recentered reflections was noted. 
Data reduction included corrections for background, 
Lorentz, polarization, and absorption effects. The 
absorption correction was based upon scans of 
reflections near \  = 90°; the minimum relative trans­
mission coefficient was 77.09%. Equivalent data were 
averaged, yielding 3870 unique data, of which 3266 
had I >  3o(I), and were used in the refinement.
Data collection  fo r  K gfY j (O x )n /  • 14H2 O
The experimental procedure was identical to that 
for the Er compound. Differing parameters are: 
crystal size 0.24 X 0.24 X 0.44 mm, T = 27 “t ,  scan 
rates 0.35-10.0 deg min-1 , 3877 unique data, 2931 
observed data, minimum relative transmission coeffi­
cient 86.23%.
Cell D im ensions fo r  K efL nt (O x )•,} '14H 2 0
Unit cell dimensions for the isomorphous series, 
including the Tb, Dy, and Yb compounds, were 
obtained from single crystals with MoKa radiation 
on the CAD4 diffractometer. Setting angles for the 
same set of 25 reflections used for orienting the Er 
and Y crystals were used in a least squares procedure. 
Measurements at ±29 were made. Crystal data derived 
from these measurements are given in Table I.
Structure Solu tion  an d  R efinem ent, K gfE r} (O x )1J • 
I4H 20
Systematic absences hkl with k + k odd and hoi 
with 1 odd limit possible space groups to C2/c and 
Cc. The centrosymmetric space group was assumed, 
and confirmed by successful refinement . Location of 
the Er atom from the Patterson map led to the full 
structure by standard Fourier methods. Refinement 
was carried out by full matrix least squares based
upon F with statistical weights, using the Enraf 
Nonius SDP programs [5J. Nonhydrogen atoms were 
refined anisotropically; hydrogen atoms on four of 
the water molecules were located and included as 
fixed contributions with B = 5.0 AJ. One of the K 
ions was found to be disordered into two equally- 
populated sites separated by 2.709 A and related 
by the center at 0 V4 Vi . One of the water mole­
cules (07W) was found to be disordered into two 
sites with approximate occupancies 0.79 (07WA) 
and 0.21 (07WB). The former was refined anisotro­
pically, and the latter isotropically. Convergence was 
achieved with R = 0.035 (0.051 for all data), Rw =
0.040, and goodness of fit = 2.30 for 307 variables. 
The maximum residual electron density was 1.23 
eA-3.
Solu tion and R efinem ent, K s[ Y 2( O x h l'1 4 H t O  
As the Y compound is isomorphous with the Er 
compound, parameters from the latter were used as 
a starting model. Refinement was carried out in the 
same fashion as that for the Er compound with 
hydrogen atom positions adjusted by difference 
maps. At convergence, R = 0.037, Rw = 0.051, 
GOF = 1.632 and maximum residual density = 0.5 
eA-3 .
Structure Description
Late lanthanides Tb, Dy, Er and YTj, as well as Y, 
form monoclinic hydrated complexes of formula 
Kg[Lnj(0x)7]-14H20, These complexes exist as 
discrete dimers with a single oxalato bridge linking 
two octacoordinate metal centers. The lanthanide 
ions are coordinated by three bidentate oxalato 
ligands and one bridging oxalate in a slightly distort­
ed DJd dodecahedron (Fig. I) . The dimer has crys- 
tallographic C2 symmetry, with the bridging group
152
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OH
Fig. 1. ORTEP view o f the lL n j(O x ) 7 ) 3  ion viewed in a 
direction slightly oblique to the crystallographic twofold 
axis, illustrating atom  numbering scheme. Parameters for Ln 
= Er were used.
TABLE II. Principal Interatom ic Distances and Angles in 
the Coordination Polyhedron o f the Lanthanide Ions.
a) distances (A) Y Er
(e.s.d.) (0.003) (0 .0 0 2 )
L n -O l 2.386 2.396
L n -0 2 2.352 2.352
L n -0 3 2.339 2.342
L n -0 4 2.342 2.342
L n -0 5 2.299 2.315
L n -0 6 2.342 2.322
L n -0 7 2.351 2.337
L n -0 8 2.338 2.337
Average L n - 0 2.344 2.343
(b) Angles Y Er
0 1 - L n - 0 2 68.49(9) 68.58(6)
O l - L n - 0 3 75.73(11) 74.93(8)
0 1 - L n - 0 4 131.12(11) 131.24(7)
O l-L n -O S 141.46(11) 141.62(7)
0 1 - L n - 0 6 73.70(10) 73.49(7)
O l - L n - 0 7 130.43(10) 130.89(7)
O l - L n - 0 8 73.75(11) 74.11(7)
0 2 - L n - 0 3 87.22(12) 86.99(8)
TABLE II. (continued)
0 2 - L n - 0 4 77.56(10) 77.75(7)
0 2 - L n - 0 5 149.62(11) 149.43(7)
0 2 - L n - 0 6 142.19(10) 142.06(7)
0 2 - L n - 0 7 77.72(10) 78.20(7)
0 2 - L n - 0 8 86.33(12) 86.61(8)
0 3 - L n - 0 4 68.33(11) 68.93(7)
0 3 - L n - 0 5 103.47(13) 103.85(9)
0 3 - L n - 0 6 83.24(11) 82.90(8)
O 3 - L n - 0 7 138.62(10) 139.28(7)
0 3 - L n - 0 8 149.06(11) 148.59(7)
0 4 - L n - 0 5 80.19(11) 79.72(8)
0 4 - L n - 0 6 130.71(11) 130.56(8)
0 4 - L n - 0 7 70.84(10) 70.92(7)
0 4 - L n - 0 8 138.83(11) 138.84(7)
0 5 - L n - 0 6 6 8 .0 2 ( 1 1 ) 68.37(7)
0 5 - L n - 0 7 75.59(11) 75.07(8)
0 5 - L n - 0 8 97.23(12) 97.12(9)
0 6 - L n - 0 7 130.54(11) 130.29(8)
0 6 - L n - 0 8 83.51(11) 83.45(8)
0 7 - L n - 0 8 68.79(10) 68.68(7)
TABLE III. Principal Interatom ic Distances and Angles in the 
Oxalate Ligands.
Ligands 1 Y Er
C l - C l 1.543(7) 1.531(5)
C l - O l 1.247(5) 1.254(3)
C l - 0 2 1.241(5) 1.252(3)
0 1 - C l  - 0 2 126.3(4) 125.7(3)
0 1 - C l - C l 117.3(4) 117.3(3)
0 2 -C 1 -C 1 116.4(5) 117.0(3)
Ligand 2
C 2-C 3 1.564(6) 1.539(4)
C 2 -0 3 1.263(5) 1.291(4)
C 2 -0 9 1.228(6) 1.247(4)
C 3 -0 4 1.264(5) 1.267(3)
C 3-O 10 1.224(5) 1.232(3)
0 3 - C 2 - 0 9 125.6(4) 122.4(3)
0 3 -C 2 -C 3 115.4(4) 116.2(3)
0 9 -C 2 -C 3 119.0(4) 121.3(3)
O 4 -C 3 -O 1 0 126.4(4) 125.8(3)
0 4 -C 3 -C 2 114.0(4) 115.1(3)
O 1 0 -C 3 -C 2 119.6(4) 119.1(3)
Ligand 3
C 4-C 5 1.536(7) 1.536(4)
C 4 -0 5 1.279(5) 1.252(4)
C 4 -0 1 1 1.227(6) 1.223(4)
C 5 -0 6 1.251(6) 1.272(4)
C 5 -0 1 2 1.241(5) 1.242(4)
0 5 - C 4 - 0 1 1 125.9(4) 126.2(3)
0 5 -C 4 -C 5 114.3(4) 114.6(3)
0 1 1 -C 4 -C 5 119.9(4) 119.1(3)
0 6 - C 5 - 0 1 2 126.8(5) 126.0(3)
0 6 -C 5 -C 4 115.2(4) 115.4(3)






C 6-C 7 1.555(6) 1.557(4)
C 6 -0 7 1.258(5) 1.276(4)
C 6 -0 1 3 1.241(5) 1.237(4)
C 7 -0 8 1.266(6) 1.256(4)
C 7 -0 1 4 1 .2 2 0 (6 ) 1.220(4)
0 7 - C 6 - 0 1 3 125.6(4) 125.4(3)
0 7 -C 6 -C 7 115.7(4) 115.4(3)
0 1 3 -C 6 -C 7 118.7(4) 119.2(3)
0 8 - C 7 - 0 1 4 125.5(4) 126.3(3)
0 8 -C 7 -C 6 115.1(4) 114.7(3)
0 1 4 -C 7 -C 6 119.4(4) 118.9(3)
Averages
C -C (b r) 1.543 1.531
C -C  (nbr) 1.552 1.544
C -O  (br) 1.245 1.253
C -O l (nbr) 1.264 1.269
C - 0 2  (nbr) 1.230 1.234
normal to the twofold axis. Ln—O distances for the 
Er complex are in the range 2.315(2)—2.396(2) A 
and average 2.343 A; analogous values for the Y 
complex are 2.299(3)—2.386(3) A and 2.344 A 
(Table II). The distances fall in the range found for 
octacoordinated Y and Er.
Interatomic distances within the oxalato ligands 
are given in Table II I.  The C -C  bond lengths in the 
Er complex range 1.531(5)-! .557(4) A and average 
1.538 A ;  corresponding values for the Y complex 
are 1.536(7)-1.564(6) A and 1.548 A. The bridging 
oxalates interact more with the Ln3* ions than the 
nonbridging ones, and have correspondingly shorter 
C—C bonds than the nonbridging ones as expected 
[6]. Averages for C—C distances are 1.543 A for 
bridging ligands, 1.552 A for nonbridging ligands for 
the Y complex, and respectively 1.531 and 1.544 
A for the Er complex. Averages for the C -0  dis­
tances are 1,245(Y) and 1,253(Er) (bridging C -O ), 
1.264(Y) and I.269(Er) (nonbridging coordinated 
C -O ) and 1.230 A(Y), and 1.234 A(Er) for non­
bridging uncoordinated C -O . These distances (C—O) 
agree closely with those found in planar and non- 
planar carboxylate groups. Nonbridging oxalates 
are planar to within 0.13 A, while the bridging 
oxalate is planar to within 0.02 A.
Characterization of the K* ion coordination is 
complicated by the disorder in one of the cations 
(K5), in one of the water molecules (07W ), and by 
the high thermal motion and resulting uncertainty 
in the positions of most of the water molecules. 
Cation K1 has seven contacts of length less than 
3.0 A to oxalato oxygen atoms and a longer contact 
of 3.262(7) A to water molecule 06W. Cation K2 is 
clearly octacoordinate, having four contacts of 3.0
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A or less to oxalato oxygen atoms and four similar 
contacts to water molecules. Cation K3 has six con­
tacts less than 3.0 A to oxalato O atoms and three 
contacts (2.94-3.32 A) to water molecules. Cation 
K4, which lies on a twofold axis, had four contacts 
to the oxalato oxygen atoms and four to water mole­
cules in the range 2.79-3.11 A. The disordered 
cation position (K5) has two contacts to oxalato O 
atoms, four to ordered water molecules, and one to 
one of the disordered water molecule sites. There 
is also a distance of 2.64 A between the two half­
populated K5 positions of K6Y 20x7’ I4H 20 , how­
ever, this distance is too short to allow them to be 
simultaneously occupied.
From the crystal data in Table I, it is apparent 
that lanthanides Tb, Dy, Er and Yb, as well as Y, 
form the oxalato dimeric structure. Ho and Tm were 
not studied. Proceeding across the series from Tb 
to Yb, the following trends are evident: decreasing 
unit cell volume, increasing density, decrease in each 
of the axial lengths, and a steady decrease in the 
0 angle towards mutual orthogonality of the axes. 
Perhaps not unexpectedly, the Y compound does not 
fit well into the trends, having an identical cell 
volume to the Er compound, but a smaller 0 angle 
than any of the other compounds studied.
The Influence o f  the Ionic P oten tia l o f  L n3* on the  
M axim um  N um ber o f  Oxalates the Cation can 
accom odate and the C oordination N um ber o f  L n 3*
This work and that covered elsewhere [1] have 
demonstrated that the maximum number of 
oxalates the lighter (larger) members of the 
lanthanide series are capable of accepting is 3 while 
the heavier members may accept up to 3.5 oxalates 
per Ln3* cation [1). It seems (not unexpectedly) 
that cations with a large ionic potential (q/r) have 
larger tolerance for large negative changes than those 
with a small q/r. The cutoff point in the series 
LnOx33~ to LnOx3-S4~ is at Tb3* with q/r = 3.25 (r =
0.923 A in six-fold coordination [7] employed for 
comparative purposes) whereas the large but tetra- 
valent cation Th4* with ionic potential 4.0 may 
accept four and perhaps more oxalate ligands [8], 
The ionic potentials of Th4* and U4* are large enough 
to support the large negative field afforded by the 
four ligands in ThOx44~ and UOx^4-.
The preference for a lower coordination number 
by the smaller Ln3* cations noted earlier appears to 
result from their larger q/r values which improves the 
tolerance of Ln3* for excess negative charges. Thus, 
in complexes of Ln3* with small coordination 
numbers the radius of Ln3* is usually smaller than it 
is in complexes with large coordination numbers (7]. 
The ratio of Ox:Ln increases from 3.0 to 3.5, when 
the reduction in coordination number results in 
a sufficiently large q/r value to support excess nega­
tive charge of 4 on the resulting lanthanate complex
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TABLE IV. Coordination Numbers in Some Lanthanide Compounds.
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Complex compound Negative charge 
on the complex 
lanthanate anion
CN Ref.
H5 O j 4 [Er(O xH -O x*O H j]- 1 9 2
K g[E rjO x 7 ) ‘1 4 ^ 0 4 8 this work
NlI4 Y 0 x 2 -0 H 2 ) -H 20 1 9 3
K g |Y 2O x7J-14H jO 4 8 this work
La[EDTA H-(0H 2 )4 ]-3 H 20 0 1 0 9
K La[ED TA -(0H 2 )3 ]-5 H 20 1 9 1 0
Ln2 0 3  (Ln = Light Ln) 0 7 1 1
K [L n02 ) (Ln = Light Ln) 1 6 1 2
LnPOs 0 8 13
Na3 [Ln(P04)2 ] 3 6 14
K3 ILn 2 (N 0 3) , )  (Ln = Pr, Nd, Sm) 1.5 1 2 15
[Ph3 E tP ]2 |C e(N 03)5 l 2 1 0 16
LnCl3  (Ln = L a-G d) 0 9 19
(Ln = Tb, Dy) 0 8 19
LnCl«3 - 3 6 * 2 0
LnBr3  (Ln = L a-P r) 0 9 19
(Ln = N d -E u ) 0 8 19
LnBr*3 - 3 6 * 2 0
Lnl (Ln = L a-N d) 0 8 19
Lnl63_ 3 6 * 2 1
’ Spectroscopic evidence.
anion. Preference for low coordination numbers 
when the complex formation results in such excess 
negative charge is widespread among lanthanide com­
pounds (see Table IV).
In fact large coordination numbers, e.g. 11 and 
12, are found in complexes with neutral ligands such 
as neutral macrocycles with ethereal oxygens or 
nitrogen ligating atoms and/or monovalent bidentate 
ligands e.g. N 03~ [15, 17), which do not impose 
high excess negative charges on the lanthanide(ate) 
complex ion. In view of the foregoing, it seems to 
us that the distortions leading to an anomalously 
long L n-08  distance in the triclinic complexes [1] 
might be an expression of the need to expel the 
ninth atom from the coordination sphere of Ln3+. 
The continued presence of the water molecule in 
the Ln3t coordination sphere might be due to its 
convenient location on the corner of the prismatic 
triangle as well as to the neutrality of the H20.
Conclusion
Although steric factors frequently enjoy 
prominence when assessing the stability of a given
coordination polyhedron [18] differences in the 
ionic potentials of Ln3+ seem also to play an impor­
tant role. The Ln3+ cation will achieve the largest 
ionic potential possible to better accommodate an 
excess negative charge on the lanthanide. The forma­
tion of negatively charged lanthanate anions thus 
depends on the ability of Ln3+ to support the result­
ing negative field.
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A p p e n d ix  a d d e d  a t  p r o o f  stage:
Coordinates for K g[Er2 (oxalate)7 ] -14H jO .
Atom X y z
Er 0 .1 1 1 2 0 (2 ) 0.17221(3) 0.14464(1)
K1 -0 .26 9 2 (1 ) 0.1703(2) 0.22454(9)
K2 0.1520(1) 0.3382(2) -0 .10137(8 )
K3 0.0993(1) 0.0196(2) 0.39714(9)
K4 0.5 0.1305(3) 0.25
K5“ 0.0202(3) 0.4152(5) 0.4631(2)
Ol -0 .02 8 7 (3 ) 0.1810(5) 0.1777(2)
0 2 -0 .10 7 8 (3 ) 0.1820(5) 0.2549(2)
0 3 0.0773(3) 0.3657(5) 0.1441(3)
0 4 0.2281(3) 0.2839(4) 0.1668(2)
05 0.1864(3) 0.1483(6) 0.0621(2)
0 6 0.0251(3) 0.1691(5) 0.0636(2)
0 7 0.2219(3) 0.0537(4) 0.1714(2)
0 8 0.0677(3) -0 .0 1 6 2 (5 ) 0.1539(3)
0 9 0.1156(4) 0.5381(5) 0.1733(3)
0 1 0 0.2786(3) 0.4574(5) 0.1822(3)
O i l 0.1852(4) 0.1282(6) -0 .0 3 1 8 (3 )
0 1 2 0.0158(4) 0.1364(7) -0 .0 3 0 7 (3 )
013 0.2657(4) -0 .12 5 6 (5 ) 0.1806(3)
0 1 4 0.1004(4) -0 .18 9 6 (5 ) 0.1828(3)
01W 0.4229(4) 0.2999(6) 0.1814(3)
02W 0.4779(5) 0.1376(8) 0.4194(4)
03W 0.4206(4) 0.9784(7) 0.1749(4)
04W 0.1459(5) 0.4226(8) 0.0134(4)
05W 0.3464(8) 0.3494(16) 0.4818(7)
06W 0.2401(13) 0.1762(18) 0.4132(8)
07W Ab 0.1796(15) 0.3593(25) 0.4455(12)
07W BC 0.078(4) 0.389(6) 0.451(3)
Cl -0 .03 9 1 (4 ) 0.1817(6) 0.2307(3)
C2 0.1329(5) 0.4377(7) 0.1615(4)
C3 0.2215(4) 0.3908(6) 0.1708(3)
C4 0.1510(5) 0.1413(7) 0.0140(3)
C5 0.0558(5) 0.1492(7) 0.0149(3)
C6 0.2103(5) -0 .0533(7 ) 0.1744(3)
C7 0.1180(5) -0 .0924(7 ) 0.1694(4)
Estimated standard deviations in the least significant digits 
are shown in parentheses. “Population 1/2. p o p u la tio n
0.79. 'P opulation  0.21.
I. A . Kahwa, F. R. fro n c zek  andJ. Selbin
14 M. Vlasse, C. Parent, R. Salmon and G. L. Flem, ‘The 
Rare Earths in Modem Science and Technology’, Vol. 2, 
1980, p. 195.
15 W. T. CarnaU, S. Siegel, J. R. Ferraro, B. Tani and E. 
Gebert, Inorg. Chem., 12, 560 (1973).
16 A. R. Al-Karaghouli and J. S. W ood,/. Chem. Soc. Chem. 
Comm ., 135 (1970).
17 J. D. J. Backer-Dirks, C. J. Gray, F . A. Hart, M. B. Hurst- 
house and B. L. Schoop, / .  Chem Soc. Chem. Comm., 
774 (1979).
18 S. P. Sinha, Structure and Bonding, 25, 70
(1976).
19 D. G. K arraker,/. Chem. Ed., 47 ,4 2 4  (1970).
20 J . L. Ryan and C. K. Jorgenson,/. Phys. Chem., 70, 2845 
(1966).
21 J. L. Ryan, Inorg. Chem,, 8, 2053 (1969).
Coordinates for K g JY jfoxala teM  * 1 4 ^ 0 .
Atom X y z
Y 0.11099(3) 0.17084(4) 0.14463(2)
K1 -0 .26867(7 ) 0.1690(1) 0.22407(6)
K2 0.15219(8) 0.3397(1) -0 .10153(6 )
K3 0.09974(9) 0.0182(1) 0.39709(6)
K4 0.5 0.1301(2) 0.25
K5“ 0.01866(21) 0.4179(3) 0.46393(16)
O l -0 .0 2 8 5 (2 ) 0.1786(3) 0.1779(1)
0 2 -0 .1 0 7 2 (2 ) 0.1802(3) 0.2550(1)
0 3 0.0784(2) 0.3646(3) 0.1440(2)
0 4 0.2275(2) 0.2829(3) 0.1669(2)
0 5 0.1856(2) 0.1470(4) 0.0624(2)
0 6 0.0247(2) 0.1674(3) 0.0631(1)
0 7 0.2223(2) 0.0520(3) 0.1720(2)
0 8 0.0673(2) -0 .01 7 7 (3 ) 0.1542(2)
0 9 0.1165(2) 0.5362(3) 0.1734(2)
O 1 0 0.2782(2) 0.4560(3) 0.1821(2)
O i l 0.1848(3) 0.1297(4) -0 .03 2 5 (2 )
0 1 2 0.0150(3) 0.1355(4) -0 .0307(2 )
0 1 3 0.2660(2) -0 .1 2 6 4 (3 ) 0.1810(2)
0 1 4 0.1009(3) -0 .19 0 8 (3 ) 0.1830(2)
OIW 0.4236(3) 0.2981(4) 0.1813(2)
02W 0.4776(3) 0.1378(5) 0.4193(2)
03W 0.4206(3) 0.9772(4) 0.1763(3)
04W 0.1444(3) 0.4217(5) 0.0145(2)
05W 0.3463(5) 0.3457(8) 0.4820(5)
06W 0.2378(9) 0.1744(9) 0.4148(5)
07W Ab 0.1717(11) 0.3627(14) 0.4405(7)
07WB° 0.0664(20) 0.3822(29) 0.4507(14)
C l -0 .0 3 9 2 (3 ) 0.1807(4) 0.2306(2)
C2 0.1309(3) 0.4360(5) 0.1626(3)
C3 0.2215(3) 0.3897(5) 0.1714(2)
C4 0.1498(3) 0.1403(5) 0.0134(2)
C5 0.0544(3) 0.1478(5) 0.0149(2)
C6 0.2108(3) -0 .0 5 3 5 (5 ) 0.1750(2)
C7 0.1185(3) -0 .0 9 3 0 (5 ) 0.1708(3)
Estimated standard deviations in the least significant digits 
are shown in parentheses. “ Population 1/2. P o p u la tio n  
0.79. P o p u la tio n  0.21.
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Recently we reported a useful generalization, 
namely that the trivalent lanthanide cation prefers 
low coordination numbers in crystalline compounds 
in which the anionic charge is large [ I ] .  Also recently 
we demonstrated that variations in the fusion 
temperatures of the lanthanide trihalides, LnX3, 
where Ln = La—Lu, Y and X = Cl, Br, I are closely 
related to variations in the energetic stability of their 
crystal structures [2]. The generality of our treat­
ment of the LnX3 system is herein confirmed by its 
successful extension to include the lanthanide tri­
fluorides LnF3. More importantly, examination of 
the slopes of the linear relations between fusion 
temperature, Tf, and the lanthanide cation radius, 
r( for LnF3 in which Ln3* is nonacoordinate ( vide  
infra) and LnX3 (X = Cl, Br, I) in which Ln3* is 
either octa or nonacoordinate [2], does reveal that 
the destabilising influence of decreasing rt is most 
critical to the LnF9 coordination polyhedron and 
falls off in LnX9B as Cl >  Br >  I. Steric considera­
tions would have predicted an opposite trend even 
after the radius of I~ has been corrected for polarisa­
tion effects (2], The versatility of thermal analysis 
in showing the subtle effects of the anionic charge 
density (which is largest in F-  and least in F~) has 
afforded extended generality to the generalization 
stated above. Herein we report the rationale of this 
conclusion and restate the rule to accommodate the 
generality found in this study.
Values of the fusion temperatures ( Tt) used are 
those tabulated by Greis and Haschke [3]; values of 
the cation radii (r() are those of Shannon and Prewit
[4] and refer to Ln3* in hexacoordination. Sources 
of structural data used are appropriately referenced 
in the text.
*On study leave from Chemistry Departm ent, Univer­
sity o f Dar es Salaam; Box 35061; Dar es Salaam, Tanza­
nia.









Fig. 1. Fusion tem peratures, T f ,  o f LnF 3  vs. the cationic 
radii, /T,n »  o f  the trivalent lanthanide.
Discussion
A plot of Tf vs. rt for the lanthanide trifluorides, 
LnF3, is given in Fig. l ;also included in Fig. I are the 
Tf values of the trifiuorides of scandium and indium 
(ScF3 and lnF3). As found in other lanthanide tri­
halides, LnX3, The Tf values decrease to a minimum 
followed by an upward trend. However in this case 
the minimum occurs at Ho where a preference for 
octacoordination around Ln3* rather than nona- 
coordination is significantly shown by the elongation 
of the ninth distance in the room temperature crystal 
structures [5]. The high temperature structures of 
these dimorphic LnF3 show a switch from the LaF3 
structure (P3cl) to the hexagonal/trigonal a-YF3 
structure between Ho and Er [3]; a corresponding 
minimum (Fig. 1) in the Tf vs. r( plot is a clear indi­
cation that the two structures have different energy 
contents. Although full structure determination of 
the high temperature a-YF3 modifications is not 
available to provide a definite picture of their lantha­
nide ion environment, it is reasonable to expect dis­
tortions in the a-YF3 structure that would minimize 
repulsive forces (i.e. lower the effective coordination 
number of Ln3*). An expulsion of the ninth anion 
from the coordination sphere of the Ln3* cation in 
room temperature structures of LnF3 is indicated 
by large differences between the average of th6 
eight nearest LnF contacts and the elongating ninth 
L n -F  contact (0.20 A in HoF3 and 0.34 A in YbF3) 
(5 J. There is no reason to expect that this trend will 
be radically changed in the high temperature modifi­
cations. Indeed, the fact that 7} increases with 
decreasing cation size in LnF3 with the a-YF3 struc­
ture is, from our previous study [2], an indication 
that the coordination number in these modifications
0020-1693/84/S3.00
I
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Tip. 2. Slopes obtained from the Tf/rt plots vs. the halide 
anionic radii, rx_  (see text).
is smaller than that found in LnF3 with the LaF3 
structure; so that the increasing packing efficiency 
and L n -F  bond strength would account for the 
observed increasing trend in Tf  for LnF3 with Ln = 
HoLu. Inclusion of the trifluorides ScF3 and InF3 
was prompted by an interesting observation that 
extrapolation of the line joining the Sc and In data 
points meets the least square line joining the data 
points La-Ho at rt = 0.825 A. Taking the F~ anionic 
radius to be 1.33 A this value of rt means that a switch 
from nona/octa coordination to hexacoordination 
in MF3 compounds should be expected to occur at 
the radius ratio r*/r~ -  0.62. This is the same ratio 
found to be applicable to LnCl3 [2] and LnBr3 
if the radius of Br-  found empirically in UBr3 is 
employed to calculate r*/r~ [2]. Our results on 
these trihalide series are in good agreement with the 
value of 0.61 obtained by Garashina e t al. [5] for the 
trifluoride system using unit cell parameters. There 
seems to be little doubt therefore that the radius ratio 
value of approximately 0.62 has significance in the 
structural chemistry of compounds of the trivalent 
lanthanides with monovalent ligands. It is our view 
that it is at this value of r*/r~ that the anionic field 
is sufficiently strong to destabilise an eightfold or 
a ninefold coordination polyhedron.
The importance of the anionic field st rength to the 
stability of the crystal structures of the lanthanide
f-Btock Elements Chemistry Letters
trihalide systems is further shown by the varia­
tions in the degree of destabilizing influence a 
decreasing rt has on Tf . I f  the two parts of the 
V-curves (Fig. I and Fig. 1 of ref. 2) are subjected 
separately to linear regression we obtain slopes 
that are plotted against rx~ in Fig. 2. Clearly a reduc­
tion in rt has the largest impact on the LnF3 com­
pounds and the least on Lnl3 which is what is expect­
ed on the basis of anionic field effects rather than 
steric factors. Two synergistically related factors 
may promote rapid destabilization of high coordina­
tion polyhedra involving anions of high charge 
density: 1) for a given coordination polyhedron 
repulsive interactions will increase with decreasing 
size of the central cation and these interactions will 
be largest in polyhedra of anions with high charge 
densities; 2) if  a polyhedron of a lower coordina­
tion number can be formed it is favored on account 
of increase in the bond strength and this increase is 
also largest for anions with high charge densities. 
Large anionic charge densities can be achieved either 
by keeping the formal charge constant but reducing 
the anionic size (as in the case of LnX3; X = F, Cl, Br, 
I)  or by increasing the formal charge of the ligating 
anions (as in the case of stepwise complexation 
LnjOxs'nHjO, LnOx2“ , LnOx33-, and Ln}0x7B~ 
[1], where Ox = oxalate anion). It is therefore more 
instructive to restate the rule we reported earlier in 
a more general fashion afforded by the present 
investigation. Hence: ‘The lanthanide cation prefers 
lower coordination numbers when the ligating anions 
exhibit large charge densities'.
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The title compounds were studied by TG, OTA, DSC, IR end absorption spectroscopy. 
The complexes go through dehydration (70—200°C), an irreversible exothermic process 
(in air or N j atmosphere, 2 5 0 -3 0 0 ° C )  and decom position to a mixture of oxides and 
carbonates (3 8 5 -7 0 0 °C ). The exothermic process occurs without weight loss end corre­
sponding heats o f reaction fall in the range 0 - 2 6  kJ/m ol. The absorption spectrum of the 
Nd complex in the range 5 0 0 0 -6 0 0 0  A was em ployed to monitor perturbations In the 
coordination sphere of N d 3+ arising from the exotherm ic process. Involvement of the 
N d3+ cation is implied and the heats o f reaction show a close relationship to the radii 
of Ln3 + . The interpretation of these data was made with the aid o f valuable structural 
information obtained previously.
R ecen tly  w e re p o r te d  a successfu l syn thesis  o f  p o tassiu m  o x a la to  lan th an a tes : 
K3 L nO x3 * n H 2 0  (n =  6  fo r  Ln =  La, n  =  5 .5  fo r Ln  =  C e, P r an d  n  — 3  fo r 
Ln  =  N d, S m , E u, G d , T b) an d  K8 L n20 x 7 • 14 H 2 0  fo r Ln  =  T b , D y , H o , Er, Y b and  
Y [1], In th a t  fe p o r t th e  d e ta iled  c ry s ta l s tru c tu re s  o f  th e  co m p lex es o f  N d, G d , Er 
an d  Y w ere  d esc rib ed  an d  cell p a ra m e te rs  o f  th e  co m p lex es  o f  Sm , Eu, T b , D y, Y b 
w ere  given. T h e  co m p lex es o f  N d, S m , E u , G d are  tr ic lin ic  w ith  space  g ro u p  P 1 and  
th o se  o f  D y , H o, E r, Y b an d  Y a re  m o n o c lin ic  w ith  space  g ro u p  C 2/c .  T b  fo rm s a 
m o n o c lin ic  com p lex  K8 T b 20 x 7 • 14 H 20  a n d  a  tric lin ic  co m p lex  K3T b O x 3 • 3  H20 .  
T he  com plexes o f  La, Ce an d  P r have a d if fe re n t c ry s ta l s tru c tu re  w h ich  is cu rre n tly  
being investigated .
In a fu r th e r  investiga tion  o f  th e se  co m p lex es w e have s tu d ied  th e ir  th e rm a l ch a rac ­
te ris tics  b y  d iffe ren tia l th e rm a l ana ly s is (D T A ), d if fe re n tia l scann ing  c a lo rim e try  
(D SC), th e rm o g ra v im e try  (T G ) a n d  ab so rp tio n  sp ec tro sco p y . T h e  co m p lex es show  
d e h y d ra tio n  a n d  fina lly  d e c o m p o s itio n  in to  a m ix tu re  o f  o x id e s  an d  c a rb o n a te s  in 
th e  range 5 0 - 2 0 0  and  3 8 5 —7 0 0 °  (C e co m p lex  d eco m p o ses  a t  3 2 0 - 3 3 0 ° )  respectively . 
In a d d itio n  to  these  e n d o th e rm ic  stages an  irreversib le  e x o th e rm ic  p eak  is observed  
w ith o u t w eig h t loss a t  2 5 0 - 3 0 0 °  a n d  DSC s tu d ie s  ind ica te  energ ies involved to  be  in 
th e  range 0 - 2 6  k J /m o l o f L n3 + .
*O n study leave from the Chemistry Department, University of Dar es Salaam, P. O. Box 
35061, Dar es Salaam, Tanzania.
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H aving o b ta in e d  valuab le  in fo rm a tio n  from  th e  s tru c tu ra l investiga tions it  h as  b een  
poss ib le  to  p u t fo rw ard  reaso n ab le  p ro p o sa ls  to  ex p la in  th e  d e h y d ra t io n  beh av io r o f  
th e se  co m p lex es, w h ich  is fo u n d  to  be very  d if fe re n t fro m  th a t  o f  lan th an id e  o x a la te s ; 
a n d  to  ex p la in  th e  o rig in  o f  th e  irreversible e x o th e rm ic  p eak  w h ich  is a p p a re n tly  
p ecu lia r to  these  co m p lex es. We have a lso  d is c o u n te d  an  o x a la te  d eco m p o s itio n  
m echan ism  in w h ich  an  in itia l sep a ra tio n  in to  ind iv idual o x a la te  c o m p o n e n ts  is p o s tu ­
la ted  fo r  lan th an id e  an d  a c tin id e  o x a la to  co m p lex es  [2 ].
E x p e rim en ta l
A ll th e  c o m p o u n d s  w ere  p rep a red  acco rd ing  to  th e  p ro ced u re  d esc rib ed  p rev iously  
[1 ]. T h e  D TA  a n d  D SC d a ta  w ere  o b ta in e d  using  a D u p o n t 9 0 0  in s tru m e n t w h ile  th e  
TG  d a ta  w ere  o b ta in e d  using a D u p o n t 9 6 0  th e rm a l ba lan ce . U nless o th e rw ise  s ta ted  
th e  D T A , DSC and  T G  d a ta  w ere  o b ta in e d  in a n itro g en  a tm o sp h e re . F o r TG  th e  sam ­
p les w e re  pack ed  in  a  p la tin u m  b o a t; th e  c ry s ta ls  w eighing 1 3 - 2 0  m g w ere  n o t c ru shed  
an d  th e  heating  ra te  w as 2 0  d eg re e /m in . T em p e ra tu re s  w ere  m easu red  w ith  a ch rom el- 
a lum el th e rm o c o u p le  p laced  n ear th e  p la tin u m  b o a t and  w ere  c o rre c te d  fo r  n o n lin e ­
a r ity  w ith  th e  tab le s  su p p lied  b y  D u p o n t C o. In th e  case  o f  D T A  a n d  DSC th e  th e rm a l 
co u p les  w ere  p laced  u n d e r  a ra ised  p la tfo rm  carry ing  th e  re fe ren ce  a lu m in a . E x cep t in 
th e  case  o f  th e  e x o th e rm ic  p eak  a t  a b o u t 2 5 0 - 3 0 0 °  th e  te m p e ra tu re s  q u o te d  are  d e ­
rived fro m  th e  TG  curves. In  D TA  an d  D SC stu d ies  th e  hea tin g  ra te  w as m a in ta in ed  
a t  10 d e g re e /m in u te  an d  th e  sam ple  h o ld e rs  w ere  id en tica l a lu m in iu m  c ruc ib les  fo r 
m easu rem en ts  in th e  range 0 - 5 0 0 ° .  F o r  DSC investiga tions a s tan d a rd  sam p le  o f  
m e ta llic  t in  supp lied  b y  D u p o n t C o. w as u sed  fo r  c a lib ra tio n s  a n d  a fu s io n  e n th a lp y  
o f  5 9 .8 9 2  m J /m g  w as assum ed . Sam ple w eigh ts  w ere  1 5 - 1 8  m g fo r  Ln  =  La -  P r and  
2 0 - 3 2  m g fo r Ln  =  N d -  Y b , Y . T h e  gaseous flow  ra te s  w ere  0 .3 4  lite rs  p e r m in u te .
T h e  ab so rp tio n  sp ec tra  w ere  o b ta in e d  using a C ary  14 s p e c tro p h o to m e te r  an d  
sam ples w ere  th o ro u g h ly  m u lled  in N ujol. IR sp ec tra  w ere  o b ta in e d  fro m  a P e rk in — 
E lm er 621  sp e c tro p h o to m e te r  w ith  sam ples also  m ulled  in N ujo l.
R esu lts  a n d  d iscussion
T h e  o n se t d e h y d ra tio n  an d  d e c o m p o s itio n  te m p e ra tu re s  a long  w ith  th e  c o rre ­
sp o n d in g  w eig h t losses exp ressed  as:
W eight loss in d e h y d ra tio n  (o r d eco m p o s itio n ) ^  j o g  
T o ta l w eigh t lo s t in  th e  range 2 4 - 9 0 0  °C
are  g iven in T ab le  1. T h e  h e a ts  o f  re ac tio n  a re  also g iven in  T ab le  1. S am p le  D TA  and  
T G  curves are  given in  Figs 1 an d  2.
C ry sta l s tru c tu re  investiga tions revealed th a t  o n e  w a te r m o lecu le  is c o o rd in a te d  to  
th e  L n3 + ca tio n  in co m p lex es  o f  N d an d  G d [1 ]  an d  th e  o th e r  tw o  w a te r  m o lecu les
J. Thermal Anat. 28, 1983
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Table 1 Thermoanalytical data in N j  atmosphere and Ln3+  radii
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Dehydration Decomposition A H , Radius
Complex and mol • wt. Temp., Wt. loss, % Temp., Wt. loss, % — kJ/m ol o f Ln3+
°C Obs. Calc. °C Obs. Calc. (Cn 8)A
K3 LaOx3 • 6 H 20  
(628.21)
6 0 - 7 0 41 .0 41 .9 4 1 0 -4 0 0 59.0 58.1 26 1.18
K3CeOx3 • 5 .5  H2 O 
(620.42)
5 5 - 6 0 40 .8 39.8 320 , 390 * 59.2 58.9 22 1.14
K3PrOx3 • 5 .5  H20  
(616.85)
5 0 - 6 0 38.9 39 .8 4 0 0 -4 1 0 61 .0 60 .2 22 1.14
K3NdOx3 • 3 H 20  
(579.54)
1 0 0 -1 1 0 27.4 26 .5 3 9 0 -4 0 0 72.6 73.5 13 1.12
K 2 SmOx 3  • 3  H 2 O 
(585.7)
1 2 0 -1 3 0 26.4 26 .5 3 9 0 -4 0 0 73 .6 73 .5 10 1.09
K3 EuOx3  • 3 H 20  
(587.3)
1 1 0 -1 2 0 27.2 26 .5 3 9 0 -4 0 0 72 .8 73.5 7 1.07
K3G dOx3 • 3 H 20  
(592.05)
1 1 0 -1 2 0 26.7 26 .5 4 0 0 -4 1 0 73 .3 73 .5 13 1.06
K3TbO x3 • 3 H 20  
(594.2)
100 27.8 2 6 .5 390 72 .2 73 .5 0.80 1.04
KgTb20 x 7 • 14 H 20  
(1498.6)
6 0 - 7 0 41.8 43 .4 4 0 0 -4 1 0 58.2 56 .6 0 1.04
KgDy^Ox7 • 14 H 2 O 
(1507.8)
6 0 - 7 0 41 .8 4 3 .4 4 0 0 -4 1 0 58.2 56 .6 10 1.02
K gH o20x7 • 1 4 H 2 O 
(1510.8)
5 0 - 6 0 43.9 4 3 .4 3 8 5 -3 9 5 56.1 56.6 — 1.02
KgEr3O x7 • 14 H20  
(1515.32)
5 0 - 6 0 41.7 4 3 .4 3 8 5 -3 9 5 58 .3 56 .6 17 1.00
KgYb20 x 7 • 14 H 20  
(1526.8)
5 0 - 6 0 41.1 43 .4 4 0 0 -4 1 0 59.5 56.6 18 0.98
KgY20 x 7 • 14 HjO  
(1360.6)
5 0 - 6 0 41.5 4 3 .4 4 0 0 -4 1 0 58.5 56.6 10 1 02
Cs3PrOx3 • 7 .6  H2 O 
(940.4)
6 0 - 7 0 48 .5 4 8 .6 3 8 0 -3 8 5 51 .5 51.4 33 .5 1.14
Cs3ErOx3 • 5  H2 O 
(920.0)
45 .50 38 .5 37 .5 4 0 0 -4 1 0 6 1 .5 62 .5 0 1.00
* 320° (TG); 390° (DTA-cell construction enables N 3 atmosphere to be thoroughly maintained) 
product taken as C eO j rather than Ce2 C>3 .
'''Assuming the reactions:
-  2nH20
2K3LnOx3 * nH 20 * 2K3LnOx3 “*3K 2C 03 + Ln3 0 3  + 6CO + 3 CO2
and
- 14H20
K gL n20x7 • I 4 H 2 O * K g L n iO x 7  "-MK^COg + Ln30 3 + 7CO + 3 CO2
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Fig. 1 TG curves for K3NdOx3 • 3  H20  (Nd) (16 mg) and K8Er20 x 7 • 14 H20  (Er) (14 mg) ob­
tained in N 2 atmosphere
c o o rd in a te  to  th e  K + ion. It is th e re fo re  e x p e c te d  th a t  o n e  w a te r  m o lecu le  w o u ld  be 
lo s t a t  a  re la tively  h igher te m p e ra tu re  th a t  th e  o th e r  tw o  because  o f  o b v io u s d if ­
ferences in th e ir  b o n d in g  energies to  L n34 an d  K + respective ly . T h e  tw o  stage w a te r 
loss is en d eed  observed  in l<3 G d O x 3  • 3  H 2 O b u t  n o  d is tin c t sep a ra tio n  o f th e  d e ­
h y d ra tio n  stages is in d ica ted  o n  T G  curves even a t  a  hea tin g  ra te  o f  10 d e g re e /m in u te . 
F u rth e rm o re  th e  o x a la te  ligands c o o rd in a te  th ro u g h  th e  ox y g en s fo rm in g  th e  longest 
C - O  b o n d s  (i.e. th e  m ore  negatively  charged  oxygens). O ne ex p ec ts  th ese  p ro n o u n c e d  
c a tio n -an io n  in te rac tio n s  to  w eak en  th e  L n3 + - O H 2  (ca tio n -d ip o le ) in te ra c tio n  an d  
th e re fo re  lead  to  an  early  loss o f  th e  c o o rd in a te d  w a te r  m o lecu le . F o r in s tan ce  th e  
last tw o  w a te r m o lecu les in G d 2 0 x3  * 10 H 2 O a re  lo s t beg inn ing  a t  a b o u t 2 0 0 °  in 
c o n tra s t to  to ta l d e h y d ra tio n  a t  nearly  th e  sam e te m p e ra tu re  in l<3 G d O x 3  • 3  H 2 O . 
T h e  La, Ce an d  P r co m p o u n d s  ap p ea r to  have a d d itio n a l z eo litic  w a te r  w h ich  is lost 
a t  low  te m p e ra tu re  (50°) b u t  n o  s tru c tu ra l in fo rm a tio n  is y e t availab le  to  co n firm  th is .
T h e  m o n o c lin ic  co m p lex es o f  T b , D y, H o, E r, Y b  and- Y lose all th e i r  w a te r  in a 
single stage an d  d e h y d ra tio n  is co m p le te  u p o n  h ea ting  to  2 0 0 °  (co m p le te  d e h y d ra tio n  
in d ica ted  b y  absence  o f  w a te r  a b so rp tio n  p eak s  in  th e  IR sp e c tru m ). T h is  beh av io r 
c o n tra s ts  sharp ly  w ith  th a t  o f  L n2 0 x 3  • n  H 2 O in w h ich  th e  las t w a te r  m o lecu les 
a re  lo s t a t  m uch  h igher te m p e ra tu re s  (3 0 0 - 3 4 0 ° ) .  T h is w as e x p e c te d  fro m  o u r  s tru c ­
tu re  d e te rm in a tio n  in w h ich  n o  w a te r  m o lecu les  w ere  fo u n d  c o o rd in a te d  to  th e  L n3+ 
iLn  =  T b , D y, H o, Er, Y b  a n d  Y ) ca tio n s  [1 ]; th e  d o d ecah ed ra l g e o m e try  a ro u n d  th ese  
L n 3+ ca tio n s  w as fo u n d  to  b e  m ade  u p  o f  o x a la te  ox y g en s o n ly .
D eco m p o sitio n  o f  th e  o x a la te  ligand s ta r ts  a t a b o u t 3 8 5 °  w ith  an  e n d o th e rm  in 
b o th  N 2  and  air a tm o sp h e re s  (e x c e p t fo r  th e  C e co m p lex , w h ich  d eco m p o ses  a t  2 6 0 °  
in a ir). T he  e n d o th e rm  is a cco m p an ied  b y  w eig h t loss. In  N 2  a tm o sp h e re  th is  ra th e r  
w eak  e n d o th e rm  is fo llo w ed  b y  a large e n d o th e rm  (w hich  is sp lit in to  tw o  peaks fo r
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Fig. 2 (a) DTA curves for K3 CeOx3  • 5 .5  H20  (Ce) (14 mg) and K3 GdOx3  • 3  H20  (Gd) (19 mg) 
obtained in N 2  atmosphere
th e  m o n o c lin ic  co m p lex es), w hile  in a ir  th e  e n d o th e rm  is fo llo w ed  b y  a large ex o th e rm  
(w hich  is a lso  sp lit in th e  case o f  m o n o c lin ic  co m p lex es). T h e  co m p lex es  o f  La, P r, N d, 
Sm  and  Eu fo rm  stab le  o x y c a rb o n a te s  L n 2 0 2 C 0 3  in d ica ted  b y  a c lea r h o rizo n ta l 
p la teau  o n  th e  TG  curves. T h e  d e c o m p o s itio n  o f  th e se  in te rm ed ia te  o x y c a rb o n a te s  
resu lts  in a p ro d u c t w ith  a s to ic h io m e try  a p p ro x im a tin g  to  a 3  l<2 C0 3 /L n 2 0 3  m ix ­
tu re . O x y c a rb o n a te  in te rm ed ia te s  a re  w ell k now n  in th e  th e rm a l d e c o m p o s itio n  o f 
lan th an id e  o x a la te s  [3 —5]. T h e  Ce co m p lex  d eco m p o ses  to  a m ore  co m p lex  m ix tu re  
o f  o x ides an d  c a rb o n a te s  w ith o u t go ing  th ro u g h  an y  in te rm e d ia te , in b o th  a ir an d  N 2  
atm o sp h ere s . T h e  m o n o clin ic  co m p lex es  o f  T b , D y , H o, Er, Y b  an d  Y d eco m p o se  to  
a  m ix tu re  o f  c a rb o n a te s  an d  o x id es  a p p ro x im a tin g  to  4  K 2 C 0 3 /L n 2 0 3 - T h e  presence  
o f  c a rb o n a te  w as co n firm e d  b y  IR a n d  its c h a rac te ris tic  re ac tio n  w ith  acids. F u rth e r  
w eigh t losses w ere  observed  a t  9 5 0 °  b u t  no  investiga tions w ere  carried  b ey o n d  th is  
te m p e ra tu re .
In a n o th e r e x p e rim en t, th e  Ce co m p lex  w as h ea te d  in th e  D TA  cell u n d e r  N2  
a tm o sp h e re  u n til th e  ex o th e rm ic  p rocess  a t  2 5 0 - 3 0 0 °  w as co m p le te . T h e  h ea te d  
sam ple w as th e n  tran sfe rred  to  th e  T G  sy s tem  w h ich  w as th e n  flu sh ed  w ith  a ir fo r 
10 m in u tes  b e fo re  heating  w as s ta r te d . W eight loss w as n o tic eab le  a t  a b o u t 2 6 0 °  and  
w as co m p le te  a t a b o u t 4 8 0 °  w ith o u t  a n y  in d ica tio n  o f  in te rm e d ia te  p ro d u c ts . It w as 
th e re fo re  estab lished  th a t  th e  e x o th e rm ic  p rocess c an  n o t be  assoc ia ted  w ith  a sp lit 
o f  th e  co m p lex  in to  c o m p o n e n t o x a la te s  (K 2 OX a n d  C e2 0 x 3 ) since th e  d e c o m p o s itio n  
te m p e ra tu re s  o f  th e  tw o  o x a la te s  in a ir, 2 6 0  an d  4 7 5 °  respec tive ly , a re  very  d if fe re n t;
i.e. th e  separa te  d eco m p o s itio n  o f  C e2 0 x 3  an d  K 2 OX shou ld  be  read ily  d e te c te d  on  
th e  D TA  an d  TG  curves. It is d if f ic u l t to  be  c e rta in  th a t  a sp lit o f  th e  co m p lex es  in to  
ind iv idual c o m p o n e n t o x a la te s  d o es  n o t o ccu r b e fo re  o x a la te  d eco m p o s itio n  by  
looking  a t  th e  T G  an d  D TA  curves o f  th e  o th e r  m a te ria ls  s tu d ied  h ere  since o x a la te  
d eco m p o s itio n  tak e s  o ff  slow ly an d  ov erlap s c a n n o t b e  d is c o u n te d . B u t th e T G  curves
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o f  th e  co m p lex es  K4 UOX4  an d  CS4 IIOX4  re p o r te d  b y  A w asth  e t  al. [2 (a )]  ind ica te  
c o m p le te  o x a la te  d e c o m p o s itio n  in to  a  m ix tu re  o f  o x id es  and  c a rb o n a te s  in th e  
n e ig h b o rh o o d  o f  3 0 0 ° . S im ilar s tu d ie s  b y  th e  sam e investiga to rs  w ere  d o n e  o n  th e  
co m p lex es Ba2 U O x 4  a n d  S r2 U O x 4  [2 (b )]  a n d  o x a la te  d e c o m p o s itio n  w as fo u n d  to  
be c o m p le te  a t  a b o u t 2 1 0  an d  3 8 0 ° , respective ly . It ap p ea rs  to  u s  th a t  b o th  o u r  w o rk  
an d  th a t  o f  A w asth  e t  al. in d ica te  th a t  th e  th e rm a l s ta b ility  o f  th e  o x a la te  an ions is 
c ritica lly  in flu en ced  b y  th e  c a tio n s  L n3+  (in  th e  la n th a n id e  com plexes) an d  U 4+ 
(in th e  u ran iu m  co m p lex es). T h e  charge ba lanc ing  c a tio n s  K + o r Cs+ an d  B a2+  o r  
S r2 + ap p ea r to  be  p lay in g  a m u c h  less s ign ifican t ro le  in d e te rm in in g  th e  fa te  o f  th e  
o x a la te  an io n . X -ray  s tru c tu re  d e te rm in a tio n  revealed  th a t  th e  c o o rd in a tio n  sphere  o f 
th e  L n3+  c a tio n  is m ade u p  o f  bridg ing  an d  non-b ridg ing  o x a la te s  w h ich  m ean s th e  
o x a la te  g ro u p s  are  ex p erien c in g  d if fe re n t levels o f  in te ra c tio n  w ith  th e  L n3+  ca tio n s  
[1 ]. T h is  m ay  exp la in  w h y  th e  e x o th e rm ic  o r  e n d o th e rm ic  o x a la te  d eco m p o s itio n  
peaks a re  sp lit (F ig. 1). T h e  e x o th e rm ic  p eak  o bserved  b y  A w asth  e t  al. a t  4 4 0 °  in 
th e  d eco m p o s itio n  o f  M2 UOX4  (M =  Ba, Sr) co m p lex es in a ir co u ld  be  a ssoc ia ted  w ith  
th e  co m b u s tio n  o f  c a rb o n  d e p o s ite d  b y  th e  d isp ro p o r tio n a tio n  o f  c a rb o n  m o n o x id e  
(a ty p ica l fe a tu re  o f  o x a la te  d e c o m p o s it io n  [3 , 6 ]), ra th e r  th a n  th e  d eco m p o s itio n  
o f  s tro n tiu m  o r  b a riu m  o x a la te  as suggested  b y  A w asth  e t  al. [2 ]. As s ta ted  ea rlie r th e  
o x a la te  ligands b o n d  to  L n3+  via th e  ox y g en s c a rry in g  th e  largest negative charge, 
o n e  th e re fo re  ex p e c ts  th e  e le c tro s ta tic  in te ra c tio n  b e tw een  th e  o x a la te  an io n s  an d  K+ 
to  b e  w eak  th e re b y  m ak ing  a sp lit o f  th e  co m p lex es in to  c o m p o n e n t o x a la te  salts 
th e rm o d y n am ica lly  u n fav o u rab le  because  s trong  L n3 + -o x a la te  b o n d s  have to  be 
b ro k e n  to  fo rm  w eak  K + -o x a la te  bonds.
E m ploy ing  th e  o x a la te  d eco m p o s itio n  m echan ism  w h ich  w e re p o r te d  ea rlie r [7]:
th e  ru p tu re  o f  th e  C —O b o n d  m a y  b e  th o u g h t o f  as be ing  decis ive ly  d e te rm in e d  b y  
th e  in te ra c tio n  b e tw e e n  L n3+  an d  th e  o x a la te  oxy g en s. T h e  fo rm a tio n  o f  po tassium  
c a rb o n a te  m ay  th e re fo re  re su lt fro m  seco n d ary  e lec tro n ic  reo rg an iza tio n  processes 
occu rrin g  a f te r  th e  ru p tu re  o f  th e  C —O b o n d  an d  d o e s  n o t necessarily  ind ica te  th e  
p rio r  fo rm a tio n  o f  p o tass iu m  o x a la te .
T h e  e x o th e rm ic  p eak  a t  2 5 0 - 3 0 0 °  ( 3 4 0 - 3 9 0 °  fo r  C s3 P rO x 3 ) is n o t  fo u n d  in 
d io x a la to  la n th a n a te s  K L nO x 2  o r  lan th an id e  o x a la te s  L n 2 0 x 3 . T o  p ro b e  th e  p o s­
sib ility  fo r  th e  invo lvem ent o f  th e  L n3+  c o o rd in a tio n  sp h e re , w e  have investiga ted  
th e  in flu en ce  o f  th is  p rocess o n  th e  n a tu re  o f  th e  h y p ersen sitiv e  p eak  in th e  a b so rp tio n  
sp ec tru m  o f th e  n eo d y m iu m  co m p lex . T h is  p eak  c o rre sp o n d s  to  th e  tra n s itio n  4 19/2 "*■ 4G5/2 on d  o c c u rs  a t  a b o u t  5 7 8 0  A; a n o th e r  p eak  k n o w n  to  be  h ypersensitive
C s 0  • o'" <C*,c « 0  __ „ CO, - o'-
C9
-O 0 .
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co rre sp o n d s  to  th e  tra n s itio n  4 1 g/ 2  “*■ ^(*712 an d  o ccu rs  a t  a b o u t 5 2 0 0  A. W hile 
ignoring th e  un reso lv ed  c o n tro v e rsy  regard ing  th e  o rig in  o f  h y p e rsen sitiv ity  in  th e  
a b so rp tio n  a n d  em ission  sp ec tra  o f  la n th a n id e  co m p o u n d s  [8 —1 1], researchers have 
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Fig. 2  (b) DTA curves for KgEr2 0 x 7  • 16 H 2 O (1 5 -1 6  mg) obtained in N 2  and air atmospheres
sp h ere  o f  L n3+  in so lu tio n s  o f  th e ir  co m p lex es [ 1 2 - 1 4 ] .  E x tensive  th e rm o d y n am ic  
d a ta  an d  s tab ility  c o n s ta n ts  [1 4 ] an d  in som e cases th e  L n3+  site  sy m m e try  [12 , 13] 
have b een  o b ta in e d  fro m  th e  o sc illa to r s tre n g th , sh ifts  and  shape o f  th e  hypersensitive  
peaks. In Fig. 3 - 5  w e p re se n t p a rts  o f  th e  a b so rp tio n  sp ec tra  o f  l<3 N dO x 3  • 3  H 2 O 
(Fig. 3 ) , « 3 NdC)x3  (p reh ea ted  to  2 2 5 ° ) (Fig. 4) an d  K3 N dO x 3  (p reh ea ted  to  3 2 5 °) 
(Fig. 5 ), show ing  th e  tw o  hypersen sitiv e  peaks. C learly  th e  e x o th e rm ic  p rocess a ffec ts  
th e  c o o rd in a tio n  sp h ere  o f  th e  N d3 + ca tio n  since it  e ffec ts  m o d ific a tio n s  in th e  
d e fin itio n  o f  th e  tra n s it io n s  asso c ia ted  w ith  th e  hypersen sitiv e  ab so rp tio n  b an d .
We have also  investiga ted  th e  t r e n d  fo llo w ed  b y  th e  m ag n itu d e  o f  th e  e n th a lp y  
fu n c tio n , AH,  w h en  th e  rad iu s  o f  L n3 +  is varied . A  p lo t o f  AH vs. r  ( th e  L n3+  rad ius 
in o c ta c o o rd in a tio n  [1 5 ]) is sh o w n  in Fig. 6  w h e re  good  c o rre la tio n  w as o b ta in ed . 
T h e  AH  values are  an  average o f  tw o  o r  th re e  values d iffe rin g  b y  n o t m o re  th a n  
3  k J /m o l. T h e  p lo t p red ic ts  positive  A H  values fo r  m o s t o f  th e  tr io x a la to  com plexes 
o f  heavy lan th an id es  an d  indeed  no  tr a n s it io n  is o bserved  fo r  th e  c o m p o u n d  CS3 E 1O X 3
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II
Fig. 3  Absorption spectrum of K3 NdOx3  • 3  H jO  in Nujol mull at room temperature
C«•
c
Fig. 4  Absorption spectrum of K3 NCIOX3  (preheated to  2 2 5 °) in Nujol mull at room temperature
Wav* l*ngth , «K)J 1
Fig. 5  Absorption spectrum o f K sN dO xs (preheated to  325°) in Nujol mull at room temperature
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w hile  a p ro m in e n t p eak  is fo u n d  o n  th e  D TA  curve  o f  Cs3 P rO x 3 . T h e  e x o th e rm ic  peak  
fo r  2 7 .2  m g  o f  l<3 T b O x 3  • 3  H 2 O w as sm all an d  n o  e x o th e rm  w as observed  in th e  
region 2 0 0 - 3 8 0 °  w ith  3 4 .8  m g o f  K g T b 2 0 x 7  • 14 H 2 O.
In view  o f  th e  above fac ts  th e  m o s t sa tis fa c to ry  e x p la n a tio n  o f  th is  e x o th e rm ic  
p rocess is th e  fo rm a tio n  o f  m o re  L n - 0  b o n d s . T h is  is possib le  th ro u g h  th e  u tiliz a tio n  
o f  su itab ly  p laced  o x y g en  a to m s  o f  non-b ridg ing  o x a la te s  in o n e  ch a in  (o r d in u c lea r 
species fo r  co m p lex es o f  heavy  lan th an id es) b y  a L n3+  c a tio n  in an  a d ja c e n t ch a in  
(o r d in u c lea r species). X -ray s tru c tu re  d e te rm in a tio n  reveals th a t  th e  co m p lex es 
K 3 L nO x 3  • 3  H 2 ) have cha in s w ith  . . .  O x (L n O x 2  * O H 2 >Ox . . .  u n its  w h ile  th e  
K g L n 2 0 x 7  • 14 H 2 O have d in u c le a r species O xgL nO xL nO x® -  [1], T h e  fo rm a tio n  o f 
th e se  new  b o n d s  w ill lead  to  a t least c o o rd in a tio n  n u m b e r n ine  a ro u n d  th e  L n3+  and  
th e re  are  n o  ste ric  o r radii ra tio  re s tr ic tio n s  w hich  m ake  th is  p o ss ib ility  u n lik e ly  since 
n o n aco o rd in a tio n  is k now n  in m an y  ro o m  te m p e ra tu re  s tru c tu re s  o f L ngO xg  • n  H 2 O 
a n d  L n O x J  sy s tem s [ 1 6 - 2 0 ] .  T h e  reason  w h y  Ln2<3x3 an d  M L nO x 2  (M =  a lkaline  
m eta l) w o u ld  n o t fo rm  m ore  b o n d s  like th e  co m p lex es  s tu d ied  h ere  is th a t  th e re  are 
n o  unb rid g ed  o x a la te  ligands in th o s e  c o m p o u n d s  to  fac ilita te  th e  p rocess . A ll o x a la te  
an ions in th o se  c o m p o u n d s  are rig id ly  b o n d e d  in an  ex tensive  b ridg ing  s tru c tu re  
[1 6 - 2 0 ] .  A c tua lly  even in th e  c o m p o u n d s  l<3 L nO x 3  w h ere  each  L n3+  ca tio n  is 
b ridged  to  tw o  o th e r  L n3+  c a tio n s  via o x a la te  ligands, s tru c tu ra l rig id ity  (m ore  
p ro n o u n c e d  in com plexes o f  sm aller L n 3 + ) ap p ea rs  to  im pose  re s tr ic tio n s  o n  th e  
degree  o f  new  L n - 0  c o n ta c ts  w h ich  is re f le c ted  in th e  d im in ish ing  m ag n itu d e  o f  AH  
(Fig. 6 ). O n  th e  o th e r  h an d  th e  co m p lex es  K g L n 2 0 x 7  w ith  o n e  b ridge  p e r L n3 + 
ca tio n  shou ld  su ffe r less s tru c tu ra l rig id ity  and  acco rd in g ly  th e  L n - 0  b o n d  s tren g th  
(fo r new  L n - 0  c o n tac ts)  increases w ith  increasing  ion ic  p o te n tia l (q/r) (Fig. 6). 
It seem s th a t  th e  fo rm a tio n  o f  new  L n - 0  c o n ta c ts  in K g L n 2 0 x 7  co m p lex es requ ires 
th a t  q /r  o f Ln3 + be g rea te r th a n  q /r  o f  T b 3 + . As n o te d  earlie r th e  p re req u isite  fo r
Radius ol Ln3" (C N 8), i





Fig. 6  The heats o f reaction lat 2 5 0 -3 0 0 ° )  vs. the ionic radius o f Ln3+ in octacoordination 
(seeT able 1). Filled circles K3 L11OX3 ; squares K g L n jC ^
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th e  s ta b il ity  o f  th e se  d in u c le a r species is th a t  q /r  >  q /r  fo r  T b 3+  an d  T b 3 +  k eep s  a 
low  c o o rd in a tio n  n u m b e r to  en su re  th e  largest poss ib le  q /r. O b se rv a tio n  o f  th e  e x o ­
th e rm  a t  a ra th e r  h igh  te m p e ra tu re  in Cs3 L nO x 3  is u n d e rs to o d  if  w e a p p re c ia te  th e  
f a c t  th a t  re p la c e m e n t o f  K + w ith  C s+ increases th e  sep a ra tio n  b e tw e e n  th e  ad jac en t 
chains . If th is  is t r u e  th e  a c tiv a tio n  en erg y  fo r  th e  p rocess sh o u ld  also  increase  a n d  th e  
m a n ife s ta tio n  o f  th is  increase co u ld  be  a sh ift o f  th e  e x o th e rm  to  a h ig h er te m p e ra tu re .
«  *  *
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Zusammenfassung — TG, DTA, DSC, IR und Absorptionsspektrometrie wurden zur Untersuchung 
der Titelverbindungen herangezogen. Die Komplexe werden dehydratisiert ( 7 0 - 2 0 0 °C), gehen 
dann eine irreversible exotherm e Reaktion ein (in Luft Oder Stickstoffatmosphare, 2 5 0 - 3 0 0 °C) 
und werden schliesslich zu einer Mischung von Oxiden und Carbonaten zersetzt (385—700°C ). 
Der exotherm e Prozess geht nicht mit einem Gewichtsverlust einher, und die entsprechenden 
Reaktionswarmen I lege n im Bereich von 7 - 2 6  kJ/m ol. Das Absorptionsspektrum des Nd-Kom- 
plexes im Bereich von 50 0 0 —6000 A wurde zur Beobachtung von durch den exothermen Prozess 
verursachten Stdrungen in der Koordinationssphare von N d3+ herangezogen. Die Reaktions­
warmen weisen einen engen Zusammenhang mit den Radian von Ln^+ auf. Zur Interpretation 
dieser Daten wurde auf fruher erhaltene strukturelle Informationen zuruckgegriffen.
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P e 3 K > M e  — M e T o a a M M  T T ,  A T A ,  ACK, UK- m s n e K T p o H H o i i  c n e x T p o c K o n u e t i  M a y x e H b i  nBH TBH - 
O K c a n a T O K a n n e B b i e  K O M n n e K C b i .  P a s n o m e H u e  K O M n n e K c o B  n p O T e K a e T  n e p e s  c t b a m i o  f l e r n a p a -  
t b u m h  ( 7 0 —2 0 0 * 0 ,  H e o 6 p a T M M b if i  3 k c o t6 p m m m g c k m A  n p o u e c c  (m b  B 0 3 A y x e  u b  8 T M O c 4 > e p e  
8 3 0 T B  n p w  2 5 0 - 3 0 0 °  C) m K O H e ^ H b tf i  n p o u e c c  c  o 6 p a 3 0 B 8 H n e M  C M e c e ii  o x M c n o B  h  k b p 6 o h 8 t o b  
( 3 8 5 —7 0 0 ° C ) .  3 K c o T e p M M M e c K M fl n p o u e c c  H e  c o n p o B o w A a e i c n  n o T e p e f t  e e c a  m c o o T B B T C T B y io -  
m u e  T e n n o T b i  p e a x u m i  H 8 x o a t c b  b  o 6 n s c T M  7 — 2 6  K A w / M o n b .  S n e K T p o H H b if f  c n e K T p  n o r n o -  
m eH M B  H e o A H M i ie B o r o  K O M n n e x c a  b  o 6 n a c T M  5 0 0 0 - 6 0 0 0  A  6 bin u c n o n b a o B B H  A n n  o n p e A e n e -
H M H  B O S M y U i e H H M  B K O O p A M H B U H O H H O f t  C < t> e p 6 N d 3  +  ,  B 03H W K a K > lU W X  B C n e A C T B M M  3K 30T e p M M M e C -  
K o r o  n p o u e c c a .  t l p M H B T B  b o  B H H M B H u e  c n o w H o c T b  k b t m o h b  N d 3 + . T e n n o r w  p e a x u t i M  n o x a a b i -
BBIOT TecH ytO  B3aM M OCBB3b C MOHHbIMM pBAHyCBMH nBHTBHHAOB. M HTepnpeTBUM H  nO HyHeHHblX 
ABHHbix n p o B e a e H a  h b  o c H o e e  n o n y ie H H O f t  p a H e e  C T p y x T y p H o i i MH(t>opMBUMM.
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Appendix 1. Pertinent Infrared bands of complexes of XXXIV and Lg in KBr disks.
The 3400 cm - 1  water band was always present except in samples run in 
NUJOL (see ref. 51 in Chapter 1).
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®very strong with fine structure.
bstrongest peak at ~ 1385, the others are poorly defined shoulders beginning 
at Gd2 XXXIV(NOo)3 (OH).
N-H bands were medium in strength at 3100 - 3200 c m " .
Appendix 2. Electronic absorption spectral data for peaks occuring below 33,333 cm . Energy
is in cm” and brackets are enclosing the molar extinction coefficient





PrXXXIV(N0o)4 • 2H,0 
Nd2XXXIV(NOo)a • 2H90 
Sm2XXXlV(N0o)7 • 2H,0 
Eu2XXXIV(N0o)7 • 2H,0 








Eu2XXXIV(N0o)a • 2H90 




Ho2XXXIV(NOo)a • 2H,0 
Ho2XXXIV(N0o)o(0H) i  
Er2XXXIV(NOo)o(OH) 











Peak 1 Peak 2 Peak 1 Fe U T 2
BrSh ~ 23,256 26,666 Sh ~ 24,510 26,810 (13865)
BrSh ? 26,918 Sh ~ 23,810 26,666 (13324)
BrSh ? 27,027 Sh ~ 24,390 26,490 ( 7376)
BrSh ~ 22,989 26,666 Sh ~ 23,810 26,666 ( 5596)
BrSh ? 26,666 Sh ~ 23,810 26,738 ( 4597)
26,846 Sh ~ 23,810 26,810 ( 6436)
26,666 BrSh ~ 23,810 26,810 ( 5300)
Sh 22,989 26,918 Sh ~ 24,096 (10237) 26,882 ( 9459)
21,888 Sh?
22,989 26,846 Sh 23,810 ( 4444) 26,810 (13000)
22,989 26,810 Sh 23,810 ( 5229) 26,666 (12613)




21,978 Sh 27,400 24,630 (12573)
21,739 Sh ~ 27,400 24,814 (17455)
21,739 Sh ~ 27,000 24,630 (12313)
21,978 Sh ? 25,000 (10910)
21,739 Sh ~ 27,400 24,691 (12840)




21,505 24,691 ( 8408)
22,161 Sh ? 24,390 (11784) Sh ~ 27 ,027
21,978 Sh ? 24,390 (15229) Sh ~ 27 ,027
21,978 25,316 (11856)
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Appendix 3. Synthesis of polyketones employed unsuc­
cessfully in attempts to make lanthanide 
macrocyclic complexes.
A.3.1. Synthesis of 2,6-diacetyl-p-cresol (XXIX(a)) and 
2,6-dipropyl-p-cresol (XXIX(b)).
These diketones were synthesized by consecutive Frie's 
rearrangements according to the method of K. W. Rosenmund; 
W. Schnurr, Ann. 460, 85 (1928). The starting esters were 
prepared by the procedure of K. Ono; M. Imoto, Bull. Chem. 
Soc. Japan 11 , 127 (1936).
To a mixture of 0.14 mol p-cresol and 0.15 mol acetic 
or propionic anhydride is added 1 drop of concentrated 
sulfuric acid. The temperature rises to about 95°C and the 
mixture is further heated to 130°C and this temperature is 
maintained until evolution of acidic fumes subsides. To 
the crude ester formed, 0 . 2 1  mol of anhydrous aluminum 
trichloride is added and the temperature is raised to 170°C 
over 45 minutes. The mixture is then cooled and hydrolyzed 
with 2 0  ml of ice-cold hydrochloric acid, followed by steam 
distillation, filtration of distillates and air drying of 
the precipitate. Long needles of 2-acetyl-p-cresol are 
obtained in 83% yield. NMR: 2.28 (3) (Ar-CH3), 2.58 (3) 
(OCCH^), 6.79 - 7.46 complex pattern (3) (Ar-H), 12.08 (1) 
(OH).
For the reaction employing propionic anhydride, a 
yellow oil is obtained. This is extracted using methylene
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chloride, dried over magnesium sulfate; rotavaporization
leaves a light yellow oil of 2-propyl-p-cresol in 64%
yield. NMR: 1.18, 1.29, 1.40 (3) (alkyl-CH3), 2.40 (3),
(Ar-CH3), 2.88, 3.00, 3.11, 3.22 (2) (CH2), 6.80 - 7.64
complex pattern (3) (Ar-H), 12.18 (1) (OH).
o  OH
R = CH3 2-acetyl-p-cresol 
R = CH2 CH3 , 2-propyl-p-cresol
The above esterification-Frie's rearrangement- 
hydrolysis-steam distillation-filtration of distillates- 
airdrying processes were repeated to both monoketones to 
yield solid diketones as long needles in 82% yield for 2 ,6 - 
diacetyl-p-cresol (NMR: 2.33 (3) (Ar-CH3), 2.68 (6 )
(0CCH3), 7.78 (2) (Ar-H), 13.13 (1) (OH)); and 12% yield
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for 2?6 dipropyl-p-cresol (NMR: 1.10, 1.20, 1.33 (6 )
(alkyl-CH3 ), 2.32 (3) (Ar-CH3), 2.90, 3.02, 3.13, 3.27 (4) 
(CH2), 7.75 (2) (Ar-H), 13.15 (1) (OH).
A . 3 . 2 .  P r e p a r a t i o n  of  t r i k e t o n e  XXX.
The  a c e t y l  g r o u p  was  i n t r o d u c e d  a t  t h e  a l k y l - C H 3  
g r o u p s  o f  2 , 6 - d i a c e t y l - p - c r e s o l  by t h e  me t h o d  o f  6 . W i t t i g ;  
Ann .  Chem.  4 4 6 , 170 ( 1 9 2 6 ) .
To 8 . 8  g o f  2 , 6 - d i a c e t y l - p - c r e s o l  d i s s o l v e d  i n  44 ml 
o f  d r y  e t h y l  a c e t a t e ,  i s  a d d e d  5 . 5  g o f  m e t a l l i c  s o d i u m 
u n d e r  an a r g o n  a t m o s p h e r e .  The  m i x t u r e  i s  r e f l u x e d  f o r
a b o u t  1 2  h o u r s ,  c o o l e d  t o  a m b i e n t  t e m p e r a t u r e  and t r e a t e d
w i t h  e x c e s s  d i l u t e  a c e t i c  a c i d .  The  o i l y  p r o d u c t  f o r me d  
was  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e ,  d r i e d  o v e r  ma g n e s i u m 
s u l p h a t e  and  r o t a v a p o r i z e d . The  r e m a i n i n g  o i l  was  wa s h e d  
w i t h  l i g r o i n  wh i c h  when e v a p o r a t e d  l e f t  a y e l l o w  s o l i d .  
R e c r y s t a l l i z a t i o n  o f  t h e  y e l l o w  s o l i d  f r o m m e t h a n o l  g a v e  
y e l l o w  n e e d l e s  o f  t r i k e t o n e  XXX i n  37% y i e l d  (NMR: 2 . 2 7
( 3 )  ( Ar - CH3 ) ,  2 . 4 2  ( 3 )  and 2 . 7 7  ( 3 )  ( a l k y l  CH3 ) ,  7 . 9 5 ,  and 
8 . 2 0  ( 2 )  ( A r - H ) ,  1 2 . 7 7  ( 1 )  ( OH) .  T h e r e  i s  a s i n g l e t  a t
7 . 9 0  ( 1 ) w h i c h  may r e s u l t  f r o m t a u t o m e r i s m ,  s i n c e  t h e  CH2
p e a k s  a r e  m i s s i n g .
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A . 3 . 3 .  Syn t hes is  of  c h l o r i n a t e d  d i k e t o n e s ,  XXXI -  X X X I I I .
The  m o n o c h i o r i n a t e d  d i k e t o n e  XXXI was  p r e p a r e d  by t h e  
me t h o d  o f  J .  G.  A s t o n ;  J .  D.  N e w k i r k ;  Q.  M. J e n k i n s ;  J .  
D o r s k y ,  Or g .  S y n .  C o l l .  _3_, 538 ( 1 9 5 5 )  by d i r e c t
c h l o r i n a t i o n  o f  2 , 6 - d i a c e t y l - p - c r e s o l , ( X X I X ( a ) )  w i t h  d r y  
c h l o r i n e  g a s .
To 2 g o f  2 , 6 - d i  a c e t y l - p - c r e s o l  d i s s o l v e d  i n  1 0 . 4  ml 
o f  a c e t i c  a c i d  i s  b u b l e d  g a s e o u s  c h l o r i n e  p r e d r i e d  o v e r  
c o n c e n t r a t e d  s u l f u r i c  a c i d .  The  t e m p e r a t u r e  r i s e s  t o  a b o u t  
34°C i n  a b o u t  30 m i n u t e s  w h i l e  s m a l l  n e e d l e s  of  t h e  l i g h t  
y e l l o w  c o mpound  a r e  d e p o s i t e d .  When t h e  t e m p e r a t u r e  d r o p s  
t o  30°C c h l o r i n e  f l o w  i s  d i s c o n t i n u e d ,  and  t h e  r e a c t i o n  
m i x t u r e  i s  s t i r r e d  o v e r  i c e .  The  r e s u l t i n g  p r e c i p i t a t e  i s  
f i l t e r e d  o f f  and t h e n  r e c r y s t a l l i z e d  f r o m a 5 0 : 5 0  m i x t u r e  
o f  c h l o r o f o r m  and e t h a n o l  t o  g i v e  a 1 . 2  g (42% y i e l d )  o f  
d i k e t o n e  XXXI as  l i g h t  y e l l o w  n e e d l e s .  NMR: 2 . 3 7  ( 3 )  ( A r -
CH3 ) ,  2 . 6 9  ( 3 )  (0 C C H 3 ) ,  4 . 8 2 ,  and 4 . 8 8  ( 2 )  (CH2 C 1 ) ,  7 . 7 9
( 1 )  and 7 . 9 5  ( 1 )  ( A r - H ) ,  1 3 . 3 3  ( 1 )  ( OH) .
In a n o t h e r  e x p e r i m e n t ,  1 . 7  g o f  2 , 6 - d i a c e t y l - p - c r e s o l  
was  d i s s o l v e d  i n  2 0  ml o f  c h l o r o f o r m  and d r y  c h l o r i n e  was  
i n t r o d u c e d .  The  r e a c t i o n  m i x t u r e  was  war med a t  5 4 - 6 0 ° C  f o r  
o n e  h o u r  and c o o l e d  t o  30°C b e f o r e  c h l o r i n e  g a s  f l o w  was  
t e r m i n a t e d .  C h l o r o f o r m  was  e v a p o r a t e d  o f f ,  t h e  r e m a i n i n g  
s o l i d  wa s h e d  w i t h  b o i l i n g  m e t h a n o l  and f i l t e r e d .  The  s o l i d
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o b t a i n e d  was  r e c r y s t a l l i z e d  f r o m a m e t h a n o l / c h i o r o f o r m  
m i x t u r e  t o  g i v e  0 . 3 2  g (14% y i e l d )  o f  2 , 6 - d i c h i o r o a c e t y 1- p -  
c r e s o l  XXXI I .  NMR: 2 . 3 8  ( 3 )  ( Ar - CH3 ) ,  4 . 8 0  ( 4 )  (CH2 C 1 ) ,
7 . 8 8  ( 2 )  ( A r - H ) ,  1 2 . 7 0  ( 1 )  ( OH) .
E v a p o r a t i o n  o f  m e t h a n o l  w a s h i n g s ,  l e a v e s  l i g h t  y e l l o w  
n e e d l e s  o f  0 . 6 6  g ( 25%)  o f  t h e  t r i p l y  c h l o r i n a t e d  d i k e t o n e  
X XXI I I .  NMR: 2 . 4 0  ( 3 )  ( Ar - CH3 ) ,  4 . 7 9  g and  4 . 8 2  ( 2 )
(CH2 C 1 ) ,  7 . 1 0  ( 1 )  (CHC12 ) ,  7 . 8 7  and 7 . 9 3  ( 2 )  ( A r - H ) ,  1 2 . 6 6
( 1 )  ( OH) .
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Appendix 4:  The C r y s t a l  S t r u c t u r e  of  -n H20
Complexes.
The  d e t a i l e d  c r y s t a l  s t r u c t u r e  o f  t h e  c o mp o u n d s
K4 Ln 2 0 xg«n  c o u l d  n o t  be s o l v e d .  T h e r e  i s  s o  much
d i s o r d e r  i n  t h e  c r y s t a l s  o f  t h e s e  c o m p l e x e s  t h a t  p r e c i s e
a s s i g n m e n t  o f  t h e  s p a c e  g r o u p  and l o c a t i o n  o f  t h e
c o o r d i n a t i n g  a t o ms  f r o m t h e  X - r a y  d i f f r a c t i o n  p a t t e r n s  of
K^ La 2 0 xg and  K^P r 2 0 xg »1 2 H2 0  i s  e x t r e m e l y  d i f f i c u l t .
We h a v e ,  h o w e v e r ,  o b s e r v e d  t h a t  t h e  c o m p l e x e s  a r e  h e x a g o n a l
w i t h  a p r o b a b l e  s p a c e  g r o u p  Pb/ mmm,  1 = 2, u n i t  c e l l
c o n s t a n t s  a = 1 1 . 6 2 0  ( 1 ) ,  c = 6 . 6 4 2  ( 1 )  A; v = 7 7 6 . 73
( 3 )  A f o r  t h e  l a n t h a n u m  c o m p l e x ;  and a = 11 . 4 8 2  ( 4 ) ,  c = 
6 . 5 5 3  ( 3 )  A, v = 7 4 8 . 2  ( 9 )  A^ f o r  t h e  p r a s e o d y m i u m
O j.
c o m p l e x .  The  c a t i o n s  Ln o c c u p y  c o r n e r s  o f  a g r a p h i t e ­
l i k e  s t r u c t u r e  w i t h  o x a l a t e  o n i o n s  p r o b a b l y  ma k i n g  t h r e e -  
d i m e n s i o n a l  l i n k a g e s  b e t w e e n  Ln ^ + c a t i o n s  i n  b o t h  a p i c a l  
and e q u a t o r i a l  p o s i t i o n s .
The  La - La d i s t a n c e s  a r e  a b o u t  6 . 6 4  and 5 . 8 1  A f o r  
a p i c a l  and e q u a t o r i a l  l i n k a g e s  r e s p e c t i v e l y .  Wh i l e  t h e  
r e s p e c t i v e  Pr  -  Pr  d i s t a n c e s  a r e  a b o u t  6 . 5 5  and 5 . 7 4  A. 
The  o x a l a t e  a n i o n  t a k e s  on a t  l e a s t  6  o r i e n t a t i o n s  i n  i t s
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a p i c a l  l i n k a g e s  and  a t  l e a s t  2  i n  t h e  e q u a t o r i a l  
l i n k a g e s .  T h i s  m u l t i t u d e  o f  o r i e n t a t i o n s  and t h e  K+ and 
H2 O d i s o r d e r s  make i t  e x t r e m e l y  d i f f i c u l t  f o r  t h e  s t r u c t u r e  




6 . 6 4 A
T h i s  l i m i t e d  mode l  g a v e  R = 0 . 0 8 1  and 0 . 1 5  f o r  Ln = La ( 312  
o b s e r v a t i o n s )  and Ln = Pr  ( 447  o b s e r v a t i o n s )  r e s p e c t i v e l y .
When o u r  s t u d i e s  we r e  c o m p l e t e  and i n  p r e s s ,  V. G. 
Z u b a r e v  and  N.  N. K r o t ,  Zh.  N e o r q .  Khi m.  2 8 , 2810 ( 1 9 8 3 ) ,  
r e p o r t e d  t h e  s y n t h e s i s  of  1( 4 2 ^ ( 0 2 0 4 ) 5  ‘ n l ^ O by a d i f f e r e n t  
p r o c e d u r e .  T h e i r  p r o c e d u r e  i n v o l v e d  t r e a t m e n t  o f  a 1M 
P r ( N 0 3 ) 3  s o l u t i o n  w i t h  a 1 . 8  M K2 C2 O4  s o l u t i o n  i n  a r a t i o  
o f  P r ^ r C g O ^  o f  3 : 7 2  and  h e a t i n g  t i l l  t h e  p r e c i p i t a t e  
o b t a i n e d  d i s s o l v e d .  The  h o t  s o l u t i o n  was  t h e n  d i l u t e d
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q u i c k l y  w i t h  a 1 - 3  M KNO3  s o l u t i o n .  The  c o mp o u n d  so 
o b t a i n e d  had t h e r m a l  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  we 
had o b t a i n e d  on K4 Ln 2  ( C 2 0 4  ) 5  . n l ^ O ,  Ln = La ,  Ce ,  P r .
The  c r y s t a l  s t r u c t u r e  was  n o t  d e t e r m i n e d  by t h e s e  
a u t h o r s  b u t  t h e i r  x - r a y  p o wd e r  d i f f r a c t i o n  s t u d i e s  
i n d i c a t e d  t h a t  t h e  s t r u c t u r e  d i d  n o t  c h a n g e  u n t i l  t h e  
s t e p w i s e  l o s s  o f  w a t e r  was  c o m p l e t e  a t  a b o u t  1 7 0 ° C .  Be yond  
t h i s  t e m p e r a t u r e  t h e  a n h y d r o u s  p r o d u c t  was  a mo r p h o u s  t o  x-  
r a y s  u n t i l  a b o u t  290° C when t h e  e x o t h e r m i c  r e a c t i o n  
o c c u r r e d  w i t h o u t  w e i g h t  l o s s .  The m a t e r i a l  was  t h e n  
o r t h o h o m b i c ,  w i t h  a = 5 . 5 4  ( 2 ) ,  b = 8 . 3 9  ( 8 ) and c = 3 . 7 6
( 2 )  A. T h i s  i n s i g n i f i c a n t  e f f e c t  o f  d i f f e r e n c e s  i n  w a t e r  
c o n t e n t  on t h e  s t r u c t u r e  o f  K4 P r 2 ( C 2  O4  ) 5 »n H2 0 i s  
c o n s i s t e n t  w i t h  a common s t r u c t u r e  f o r  K4 L a 2  
( C 2 O4  ) i»13H2 0 and  K4 P r 2  ( C 2 0 4  f o u n d  i n  o u r  s t u d i e s .
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3+Appendix 5.  E l e c t r o n  Paramagnet ic  Resonance of  Gd in  
( La2 _^GdjjOxg) • I 3 H2 O and Kg( Y2 _jjGd^0 x y ) »14H20
The  c o m p l e x e s  K^LngOxg ' l S I ^ O  and Kg Ln 2 0 x 7 » 1 4 H2 0  
w e r e  a l s o  c h a r a c t e r i z e d  by X- b a n d  e l e c t r o n  p a r a m a g n e t i c  
r e s o n a n c e  ( e . p . r . )  o f  Gd3+ d o p e d  i n  d i a m a g n e t i c  
K4 L a 2 0 X[> *13H20 and K g Y g O x y a s  0 . 5  mo l e  % o f  t h e  r a r e  
e a r t h  c a t i o n .  The t wo  s a m p l e s  u s e d  w e r e  o b t a i n e d  f r o m 
m i x t u r e s  o f  ^ 1. 3 2 0 x 5 and KgGdOxg and
KgYgOx?»14H20 and K3 Gd 0 x 3 «3 H2 0  r e s p e c t i v e l y  d i s s o l v e d  i n  
0 . 5  M a q u e o u s  p o t a s s i u m  o x a l a t e  ( s e e  I .  A.  Ka hwa ,  F.  R.  
F r o n c z e k  and J .  S e l b i n ,  I n o r q a n i c a  Chi  mi c a  A c t a , 8 2 , 1 61 )
( 1 9 8 4 ) .
The  s p e c t r a  o b t a i n e d  a r e  s hown i n  F i g .  A 5 . 1 - 2 .  The 
d i f f e r e n c e s  e x h i b i t e d  i n  t h e  t wo c u r v e s  i n d i c a t e  t h a t  Gd3+ 
a d o p t s  t h e  c o o r d i n a t i o n  f e a t u r e s  o f  t h e  d i a m a g n e t i c  
l a n t h a n i d e  c a t i o n  i n  t h e  t wo  d i f f e r e n t  h o s t  m a t r i c e s .  
A l t h o u g h  t h e  a n i o n s  c o o r d i n a t i n g  t o  t h e  l a n t h a n i d e  c a t i o n  
i n  b o t h  K4 Ln 2 0 xg «13H20 and K g L n g O x y - l A ^ O  a r e  e x c l u s i v e l y  
o x a l a t e  a n i o n s ,  t h e i r  s p a t i a l  d i s p o s i t i o n  a r o u n d  t h e  
l a n t h a n i d e  c a t i  on ( F i g .  1 i n  I .  A.  Kahwa ,  F.  R.  F r o n c z e k  
and  J .  S e l b i n ,  I n o r g a n i c a  C h i m i c a  Ac t a  8 2 , 167 ( 1 9 8 4 ) ;  and 
t h e  s k e t c h  i n  a p p e n d i x  4 i s  i m p o r t a n t  t o  e l e c t r o n i c
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p r o p e r t i e s  o f  t h e  r a r e  e a r t h  c a t i o n .  P r o b a b l y  t h e  
m a g n i t u d e  and s y mme t r y  o f  t h e  c r y s t a l  e l e c t r i c  f i e l d  
e x p e r i e n c e d  by t h e  l a n t h a n i d e  c a t i o n  i n  t h e  t wo 
e n v i r o n m e n t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  and t h o s e  
d i f f e r e n c e s  a r e  m a n i f e s t e d  i n  t h e  o b s e r v e d  e . p . r .  l i n e  
s h a p e  ( F i g .  A 5 . 1 - 2 ) .
No f u r t h e r  e f f o r t s  t o  i n t e r p r e t  t h e  e . p . r .  s p e c t r a  
we r e  ma d e .
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R.T., 9.40GHz
0 2 3 4 6KG
Figure A5.1: The room temperature e.p.n. spectrum of 
Gd : K4La2(C904)5 .13H20 (GdJ+ = 0.25 rare 




Figure A5.2: The room temperature e.p.r. 




I s h e n k u m b a  A. Ka hwa ,  b o r n  i n  1952 i n  Rwa n y a n g o  
V i l l a g e ,  K a r a g w e ,  T a n z a n i a  i s  c u r r e n t l y  a L e c t u r e r  i n  
I n o r g a n i c  C h e m i s t r y  a t  t h e  U n i v e r s i t y  o f  D a r - e s - S a l a a m , 
T a n z a n i a .  He o b t a i n e d  h i s  B . S c .  ( E d . )  ( H o n o r s )  i n  
C h e m i s t r y  and m a t h e m a t i c s  w i t h  an e d u c a t i o n  o p t i o n  i n  1976 
f r o m t h e  U n i v e r s i t y  o f  D a r - e s - S a l a a m .  He t a u g h t  h i g h  
s c h o o l  c h e m i s t r y  i n  1 9 7 6 - 1 9 7 8  b e f o r e  j o i n i n g  t h e  c h e m i s t r y  
f a c u l t y  a t  t h e  U n i v e r s i t y  o f  D a r - e s - S a 1aam and p u r s u i n g  an 
M. S c .  d e g r e e  i n  i n o r g a n i c  C h e m i s t r y  wh i c h  he o b t a i n e d  i n  
1 9 8 0 .  I n  F a l l  o f  1 9 8 2 ,  he j o i n e d  L o u i s i a n a  S t a t e  
U n i v e r s i t y  i n  p u r s u i t  o f  a P h . D .  d e g r e e  i n  i n o r g a n i c  
c h e m i s t r y  f o r  wh i c h  he i s  now a c a n d i d a t e .
He ha s  d o n e  r e s e a r c h  on r a r e  e a r t h  and e n v i r o n m e n t a l  
c h e m i s t r y  and c h e m i c a l  e d u c a t i o n .  He i s  a u t h o r / c o - a u t h o r  
o f  t w e l v e  j o u r n a l  and s i x  c o n f e r e n c e  a r t i c l e s .  He ha s  
c o n s u l t e d  f o r  t h e  N a t i o n a l  E x a m i n a t i o n s  C o u n c i l  on h i g h  
s c h o o l  and  d i p l o m a  l e v e l  c h e m i s t r y  e x a m i n a t i o n s ,  t h e  
Wood/ Bamboo  W a t e r  p i p e  p r o j e c t  and  t h e  I n s t i t u t e  o f  
E d u c a t i o n  ( C h e m i s t r y  p a n e l )  i n  T a n z a n i a .
He i s  a member  o f  t h e  I n t e r n a t i o n a l  O r g a n i z a t i o n  f o r  
S c i e n c e  and T e c h n o l o g y  E d u c a t i o n  f o r  w h i c h  he was  E a s t  
A f r i c a n  member  t o  t h e  e x e c u t i v e  c o m m i t t e e  1 9 8 2 - 8 4 ,  and o f  
t h e  A m e r i c a n  C h e m i c a l  S o c i e t y  and t h e  A m e r i c a n  S o c i e t y  f o r  
Mass  S p e c t r o m e t r y .





DOCTORAL EXAMINATION AND DISSERTATION REPORT
Ishenkurnba A. Kahwa
New Types of Lanthanide Complexes
Approved:
Major Professor and Chairman
Dean of the Graduate School
EXAMINING COMMITTEE:
''Avi ^
JllArtkw 0 OiA I
Q j u t  v n .
Date of Examination:
November 13, 1986
